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r  *  TRANSLATOR'S  PREFACE. 


^  M.  Kaquet*s  work  on  Chemistiy  is  use  wliich,  while  setting  forth  the 
i  modem  theories  of  the  science,  gives  as  mnch  of  the  practical  results 
5phtained  hj  analysis  and  experiment,  and  of  the  mode  of  preparation 
and  the  properties  of  the  elements  and  their  compounds,  as  is  necessary 
for  the  stadent  without  being  too  bulky  for  its  contents  to  be  easily 
mastered,  that  portion  which  treats  of  Organic  Chemistry  being  espc- 
^^cially  valuable.  M.  Naquet  explains  and  gives  with  great  ability  the 
^  arguments  for  and  against  his  theories  and  those  of  other  chemists, 
Jj^us  afifordingthe  &ct8  and  reasoning  on  which  they  are  based,  and  the 

J 3  means  of  judging  of  their  respective  values,  while  many  of  the  views 
set  forth,  and  of  the  experiments  given,  are  of  interest  from  their  com- 
parative novelty.  Such' a  work  seemed  to  me  to  be  needed  in  the 
English  language,  and  I  therefore  undertook  its  translation. 

M.  E^knl^^s  diagrams  are,  I  think,  now  first  introduced  to  the 
English  reader.  They  are  nseful  as  a  mechanical  assistance  in  explain- 
ing the  modes  of  combination  of  atoms,  and  their  arrangement  in 
molecules. 

It  will  be  noticed  that  casts  of  the  original  plates  have  been  used, 
and  that  two  or  three  of  them  contain  a  few  words  of  explanation  in  the 
original  language.  To  obviate  this  would  have  required  the  engraving 
of  new  plates,  which  was  not  considered  necessary. 

My  warmest  thanks  are  due  to  Dr.  Stevenson  for  kindly  undertaking 
the  labour  of  revising  the  proof-sheets  as  the  work  passed  through  the 
press,  and  thereby  imparting  to  it  a  guarantee  of  correctness  and  an 
authority  which  it  would  not  otherwise  have  possessed. 

W.  C, 

Keimingion  Park  Road,  S. 
Xovnnher,  1867. 
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PEEFACE  TO  THE  FIRST  EDITION. 


During  the  last  ten  yeaxs  great  progress  has  been  made  by  the  science 
of  Chemistry.  New  and  important  discoveries  have  succeeded  one 
another  rapidly,  and  at  the  present  time  great  advances  are  being 
made  in  the  art  of  synthesis. 

In  1855  Gerhardt  contributed  greatly  to  this  progress  by  the  publi- 
cation of  his  treatise  on  "Organic  Chemistry."  At  the  same  time, 
whilst  he  systematized  the  knowledge  of  his  epoch,  other  workers  not 
less  indefatigable — MM,  Wurtz,  Cannizzaro,  Hofmann,  Williamson^  and 
several  othera  equally  ardent — contributed  the  results  of  their  activity. 
Occasionally,  it  is  true,  their  discoveries  wrought  important  modifi- 
cations in  the  primitive  plan,  but  it  may  be  affirmed  that  the  ideas  of 
Gerhardt  have  not  been  assailed  in  any  essential  point. 

From  this  series  of  works  a  collection  of  theories  has  arisen  upon 
which  the  chemical  science  of  the  present  day  is  founded.  These 
theories  are  taught  professorially,  more  or  less,  in  Germany,  in 
England,  and  in  1  tal}' ;  but  in  France,  where  they  first  arose,  they 
are  not  generally  taught. 

The  greater  number  of  chemists  recognize  that  it  is  time  to  put  an 
end  to  a  system  of  study  essentially  retrograde  and  false;  but  they 
hesitate,  remembering  the  little  help  their  oral  instruction  will  find 
in  the  number  of  elementary  works  on  Chemistry  which,  with  the  old 
notation,  propagate  antiquated  ideas.  If  these  considerations  did  not 
naturally  bring  to  our  pen  the  name  of  M.  Wurtz,  the  great  sym- 
pathy which  attaches  us  to  his  person,  and,  abo\e  all,  our  esteem  for 
his  character  and  high  intellect,  would  suffice  to  dictate  to  us  an 
eulogium  on  his  excellent  "  Le9ons  de  Philosophic  Chimique,"  which 
he  has  just  published. 

This  book  marks  a  period :  it  is  Chemistry  makiug  a  halt  in  the  midst 
of  its  conquests,  and  contemplating  at  the  same  time  the  road  already 
traversed  and  the  goal  to  bo  attained. 

But  a  book  which  presents  a  science  from  so  high  a  point  of  view 
would  not  be  suitable  for  those  who  seek  initiation  into  that  science. 
The  intellectual  summit  cannot  be  attained  at  one  flight.  Lower 
stations  are  necessary,  and  the  work  which  we  now  offer  to  the  public 
only  pretends  to  be  a  point  of  departure.  Although  elementary,  it  sets 
forth  the  modern  theories,  and  contains  the  indications  indispensable 
for  the  guidance  of  those  who  wish  to  raise  themselves  towards  the 
higher  regions  of  Chemistry. 
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The  descriptive  part  may  appear  to  be  too  much  abridged,  if  com- 
pared with  ihe  developments  of  theories  which  it  contains.  Such  as 
it  is,  it  will  nevertheless  suffice  for  the  student,  and  will  exceed  in 
many  points  the  ordinary  outline  of  his  studies. 

We  asked  ourselves  at  the  commencement  if  it  would  not  be  better 
to  abridge  the  work  still  further,  and  to  confine  it  to  the  application  of 
Chemistry  to  Medicine ;  in  short,  to  make  it  a  Medical  Chemistry ;  but 
we  thought  it  better  to  abandon  this  first  project.  Physicians  will 
not  have  a  correct  idea  of  those  parts  of  Chemistry  which  are  directly 
useful  to  them  until  they  have  studied  the  science  as  a  whole.  We 
hope  to  obtain  this  result  by  placing  Chemistry  before  them  in  as  few 
pages  as  possible ;  and  our  professorship  at  the  Faculty  of  Medicine  at 
Paris  authorizes  us  to  believe  that  our  book  will  become  a  classical 
work  for  students  of  Medicine. 

In  our  opinion  students  enter  upon  a  false  path  when  they  neglect 
the  knowledge  of  laws  to  gain  for  themselves  simply  an  acquaintance 
with  a  number  of  facts,  with  which  they  uselessly  overload  ihe  memory. 
Besides,  special  works  are  always  at  their  disposal  when  they  wish 
to  enter  upon  practice ;  and  the  first  element  of  an  important  mani- 
pulation is  found  in  a  judgment  strengthened  by  a  positive  doc- 
trine which  understands  how  to  devise  experiments  and  appreciate 
unlooked-for  results.  Nevertheless,  we  are  far  from  stating  that  the 
student  ought  to  limit  himself  to  the  philosophy  of  Chemistry  and 
ignore  altogether  the  prox)erties  of  bodies.  But  here  also  we  woald 
leave  the  beaten  path.  The  practice  is  to  study  separately  the 
characters  of  difierent  bodies,  and  scarcely  to  notice  the  characteristics 
of  a  group.  We  shall  proceed  in  the  in'verse  manner.  Thus,  in  Organic 
Chemistry,  instead  of  passing  the  different  alcohols  successively  in 
review,  we  shall  give  the  characters  of  the  Alchohol  group,  and  follow 
up  with  the  names  and  formulae  of  the  bodies  which  compose  it.  It 
will  then  be  easy  for  the  student  to  apply  to  each  of  them  the  general 
properties  which  belong  to  all. 

This  method  will  not  prevent  us  pointing  out,  in  a  special  para- 
graph following  each  group,  the  name,  the  properties,  and  the  usual 
mode  of  preparation  of  the  bodies  most  frequently  employed,  which 
these  different  groups  contain. 

In  this  manner  the  student  having  only  to  remember  the  properties 
of  certain  series,  instead  of  large  numbers  of  individuals,  will  retain 
them  more  faithfully  in  his  memory. 

Will  this  proceeding,  which  we  have  always  found  successful  in 
special  teaching,  succeed  in  this  book  ?  We  hope  it  will,  and  we  place 
our  work  before  the  public  in  the  full  confidence  that  it  will  be 
appreciated. 
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PREFACE  TO  THE  SECOND  EDITION. 


The  hopes  we  entertained  when  publishing  onr  First  Edition  have 
been  completely  realized.  In  less  than  two  years  it  has  been 
exhausted ;  and,  encouraged  by  our  success,  we  publish  this  Second 
Edition,  revised,  corrected,  and  enlarged. 

There  will  be  found  in  it  a  more  complete  and  detailed  discussion 
on  the  questions  upon  which  Chemists  are  still  divided;  and  the 
descriptive  part,  which  we  were  obliged  to  curtail  in  the  First  Edition, 
has  been  considerably  increased. 

After  the  revolution  in  teaching  which  has  taken  place  at  the 
Faculty  of  Medicine,  where  M.  Wurtz  now  inculcates  the  new  views, 
we  think  that  this  E2dition  will  answer  every  purpose  better  than  the 
preceding  one. 

We  have  endeavoured  to  make  the  theoretical  demonstrations,  as 
well  as  the  explanations  of  facts,  as  clear  as  possible;  to  use  no 
expression  which  has  not  already  been  defined  and  applied;  and  to 
follow  the  logical  order  which  is  observed  in  the  mathematical  sciences. 
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PRINCIPLES  OF  CHEMISTRY, 


FOUNDED  ON  MODERN  THEORIES. 


PAET  FIRST. 

GENERAL    PRINCIPLED 


PRELIMINAEY  CONSIDERATIONS. 

If  we  cast  out  eyes  around  us,  we  are  strnok  by  the  sight  of  a  multi- 
tude of  objects  of  infinite  variety.  All  these  objects,  whatever  they 
may  be,  have  received  the  general  name  of  bodies.  Thus  the  sun,  the 
earth,  my  house,  the  chair  on  which  I  sit,  the  pen  with  which  I  write, 
the  ink  into  which  I  dip  my  pen,  and  the  inkstand  which  contains  it, 
are  all  bodies. 

That  which  constitutes  bodies  is  called  matter  or  substance.  In 
speaking  generally  we  may  say  that  matter  is  whatever  strikes  our 
senses ;  more  scientificaUy  speaking,  matter  is  everything  that  obeys 
the  laws  of  gravitation. 

Bodies  are  not  formed  of  substance  everywhere  continuous  in  itself, 
as  is  shown  by  their  porosity,  their  power  of  augmenting  and  diminish- 
ing in  volume,  and  even  of  changing  their  condition  under  certain 
influences.  They  are  constituted  by  the  aggregation  of  small  par- 
ticles called  molecules,  placed  at  a  certain  distance  from  each  other, 
and  maintained  in  equilibrium  by  the  forces  of  attraction  and  repulsion 
which  they  exercise  towards  one  another. 

These  molecules  are  not  the  extreme  limit  to  which  it  is  possible  to 
attain  in  the  division  of  matter.  By  bringing  other  forces  into  action, 
they  can,  in  the  majority  of  oases,  be  subdivided  into  portions  still 
smaller,  to  which  we  give  the  name  of  atoms. 

In  exceptional  cases  they  are  not  thus  divisible.  Jn  such  cases  we 
say  that  the  molecule  and  the  atom  of  these  bodies  are  the  same. 

The  abrogate  of  all  bodies  which  exist  has  received  the  name  of 
nature ;  and  the  study  of  nature  is  called  natural  philosophy. 

In  natural  philosophy  two  great  divisions  ought  first  to  be  made. 
Certain  sciences  study  living  bodies,  especially  the  modes  by  which 
their  \dtality  is  manifested ;  that  is  to  say,  while  investigating  the  laws 
of  life  they  lay  aside  the  consideration  of  any  properties  which  these 

B 


2  PRINCIPLES  OP  CHEMISTRY. 

bodies  possess  in  common  with  inorganic  bodies.  When  they  study 
inorganic  bodies  they  only  take  cognizance  of  their  manner  of  existing 
in  nature,  their  external  properties,  without  noticing  the  modifications 
which  these  properties  may  undergo  under  the  influence  of  various 
agents.  Other  sciences,  on  the  contrary,  in  studying  inorganic  bodies, 
seek  both  their  external  properties  and  the  modifications  which  we  can 
impress  upon  them  by  the  aid  of  agents  at  our  disposal.  They  do  not 
occupy  themselves  with  living  beings,  or  at  least  only  study  the  pro- 
perties which  these  possess  in  common  with  inorganic  bodies.  The 
name  of  "  Natural  Science,"  properly  so  called,  or  "  Natural  History," 
is  given  to  the  first  of  these  sciences,  while  the  appellation  "  Physical 
Science  '*  is  reserved  for  the  second. 

Physical  Science  contains  two  distinct  sciences — physics  and 
chemistry.  The  science  of  physics  studies  bodies  from  the  point  of 
view  of  their  properties  and  the  actions  which  they  exercise  on  each 
other,  in  so  far  as  these  actions  do  not  affect  their  intimate  consti- 
tution. 

Chemistry,  on  the  contrary,  studies  the  properties  of  bodies  and  the 
actions  which  they  exercise  upon  each  other,  in  so  far  as  these  actions 
do  relate  to  their  intimate  constitution. 

This  definition  of  physics  and  chemistry,  which,  with  some  modi- 
fications in  form,  is  that  which  is  found  in  all  works,  is  incomplete. 
After  saying  that  chemical  phenomena  have  relation  to  the  intimate 
constitution  of  bodies,  and  physical  phenomena  have  not,  it  still  re- 
mains to  define  what  is  meant  by  intimate  constitution.  We  say  that 
bodies  are  not  modified  in  their  intimate  constitution  when  the  force 
by  which  they  are  attacked  passes  between  their  molecules  without 
the  latter  undergoing  any  alteration,  either  in  the  number  of  atoms  of 
which  they  are  composed,  in  the  relative  distance  of  these  atoms,  their 
mode  of  grouping,  or  nature. 

We  say,  on  the  contrary,  of  a  body,  that  it  is  modified  in  its  intimate 
constitution  when  it«  molecule  is  altered  in  the  nature,  the  number, 
the  distance,  or  the  mode  of  grouping  of  the  atoms  which  it  contains. 

Thus :  all  the  phenomena  in  which  the  molecule  remains  unaltered 
belong  to  the  domain  of  physics ;  all  those,  on  the  contraiy,  in  which 
the  molecule  is  more  or  less  modified,  appertain  to  the  domain  of 
chemistry. 

To  render  this  definition  quite  clear,  we  will  give  an  example  of 
these  two  orders  of  phenomena.  If  we  take  soft  iron,  and  submit  it  f^ 
the  action  of  an  electric  current,  the  iron  acquires  all  the  properties  of 
a  magnet.  Interrupt  the  current,  and  the  metal  will  regain  all  its 
original  properties.  Its  molecules  will  not  have  undergone  any 
altei*ation ;  the  modification  observed  for  an  instant  has  not  affected 
its  intimate  constitution.  This  is  a  physical  phenomenon.  If,  on  the 
contrary,  we  warm  a  piece  of  phosphorus,  protected  from  the  air  for  a 
sufficient  length  of  time,  and  at  a  temperature  of  about  240'^;  from  being 
yellow,  transparent,  very  inflammable,  and  soluble  in  certain  solvents  as 
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it  was,  it  becomes  red,  opaque,  less  inflammable,  and  insoluble  in  the 
same  solvents,  and  keeps  its  new  characters  when  completely  cold. 
The  modification  produced  by  the  influence  of  heat  affects  its  intimate 
constitution.     This  is  a  chemical  phenomenon. 

In  chemistry  bodies  are  divided  into  two  great  classes — simple  and 
compound.  Simple  bodies  are  those  from  which  we  are  as  yet  only 
able  to  extract  one  kind  of  matter.  Compound  bodies  are  those  which 
we  are  able  to  resolve  into  two  or  more  substances  possessing  different 
properties.  Our  belief  that  a  body  is  simple  cannot  be  positive  ;  those 
regarded  as  simple  to-day,  may  to-morrow  be  proved  to  be  compound. 

Among  compound  bodies  there  are  some  which  consist  of  simple 
mixtures,  and  others  which  are  the  result  of  definite  combination. 
They  are  distinguished  by  two  principal  characters : 

1st.  In  mixtures  each  element  may  bear  any  proportion  to  the 
others.  In  compounds  which  result  from  combination,  the  proportion 
is  definite  and  constant. 

2ndly.  In  mixtures  all  the  elements  retain  the  properties  that  are 
peculiar  to  them.  In  compounds  resulting  from  combination,  each 
element  loses  the  properties  that  characterize  it  to  acquire  new  ones 
common  to  all.     We  have  really  a  new  body — thus : 

Sidphur  is  soluble  in  sulphide  of  carbon,  and  iron  is  attracted  by  the 
magnet  If  iron  and  sulphur  are  reduced  to  powder  and  mixed,  they 
will  retain  their  properties.  The  iron  can  be  separated  by  means  of 
the  magnet,  and  the  sulphur  by  dissolving  it  in  sulphide  of  carbon.  If, 
however,  the  mixed  powders  were  to  be  heated,  a  chemical  action 
would  ensue.  The  mass  would  become  black,  and  assume  new 
properties ;  it  would  no  longer  be  attracted  by  the  magnet,  as  was  the 
iron,  nor  soluble  in  sulphide  of  carbon,  as  was  the  sulphur.  Before 
bringing  the  heat  into  action  there  was  a  simple  mixture ;  now  there  is 
a  definite  combination. 

When  combination  is  produced,  the  observer  perceives  it  by  certain 
phenomena :  there  is  always  disengagement  of  heat,  and  development 
of  electricity ;  sometimes  the  production  of  light,  and  often  contraction 
of  the  mass. 

Combination  is  favoured  by  heat,  light,  electricity,  the  nascent  state,' 
attractive  force,  bulk,  and  a  certain  elective  property,  in  virtue  of 
which  a  given  body  combines  more  readily  with  a  second  than  it  will 
with  any  other. 

1st.  Heat. — In  the  effect  which  heat  produced  upon  the  mixture  of 
iron  and  sulphur,  we  have  already  witnessed  the  intervention  of  this 
agent. 

2ndly.  Iiight. — llie  action  of  light  is  often  indispensable.  Thus  the 
presence  of  a  violet  ray  suffices  to  determine  the  sudden  combination 
of  chlorine  and  hydrogen,  which  cannot  take  place  in  total  darkness. 

3rd«  £l8ctriaity. — That  this  has  an  action  can  no  longer  be  doubted. 
It  has  been  demonstrated  in  a  stai-tling  manner  by  the  direct  combi- 
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nation  of  carbon  and  hydrogen  realised  by  M.  Berthelot  This  combi- 
nation, which  cannot  take  place  at  any  temperature  without  the  electric 
action,  easily  occurs  under  the  influence  of  a  strong  current 

4th.  The  Nasoent  State. — We  mean  by  this  the  state  in  which  bodies 
exist  at  the  instant  they  are  set  free  from  a  combination.  Experience 
proves  that  in  this  condition  they  have  a  greater  tendency  to  combine 
than  when  they  are  taken  in  the  free  state. 

6th.  Actionof  Bulk.— Of  this  description  are  actions  in  which  two 
bodies  mutually  displace  each  other  in  a  combination,  the  one  which 
is  in  larger  quantity  taking  the  place  of  the  other.  M.  Deville  has 
recently  given  a  very  rational  explanation  of  the  actions  of  bulk.  From 
his  experience,  he  has  arrived  at  the  conclusion  that  in  the  decomposi- 
tion of  bodies  by  heat,  phenomena  take  place  analogous  to  those  which 
are  observed  in  the  vaporization  of  liquids.  Just  as  the  passage  of  a 
liquid  into  the  gaseous  state  requires  a  certain  amount  of  heat  which  is 
entirely  absorbed,  so,  to  reduce  a  compound  body  to  its  elements,  there 
is  required  the  absorption  of  a  quantity  of  heat  equal  to  that  which 
was  disengaged  in  its  formation. 

When  a  liquid  is  heated  to  a  temperature  lower  than  its  boiling 
point  it  emits  vapour.  After  a  time  the  space  in  which  it  is  contained 
becomes  saturated,  when  the  vaporization  ceases,  the  pressure  of  the 
vapour  already  formed  counteracting  the  tendency  which  the  remainder 
of  the  liquid  has  to  become  vaporized.  An  analogous  phenomenon  is 
observed  in  decompositions.  When  a  compound  bod}*  is  heated  to  a 
temperature  insufficient  to  cause  its  complete  decomposition,  a  part, 
nevertheless,  is  resolved  into  its  elements,  but  the  quantity  is  only  a  small 
proportion 'of  the  whole.  The  decomposition  presently  stops.  This 
equilibrium  is  produced  when  the  decomposition  which  takes  place  is 
exactly  compensated  by  the  reconstruction  which  goes  on  at  -the  same 

time. 

Let  us  suppose  that  we  heat  the  vapour  of  water  to  120°  in  a  great 
excess  of  chlorine  (water  is  composed  of  oxygen  and  hydrogen),  a 
small  quantity  of  hydrogen  and  oxygen  will  become  free.  Hydrogen 
has  a  tendency  to  combine  both  with  oxygen  and  chlorine ;  but  the 
oxygen  being  small  in  quantity  compared  to  the  chlorine,  it  is  with  the 
latter  body  that  the  greater  part  of  the  hydrogen  will  combine.  The 
phenomenon  will  be  thus  continued,  and  consequently  more  of  the  water 
will  be  destroyed  than  will  be  reconstituted,  and  the  greater  part  of  the 
water  will  in  a  certain  time  be  found  transformed  into  hydrochloric  acid 
(composed  of  hydrogen  and  chlorine).  If,  on  the  contrary,  we  heat 
hydrochloric  acid  in  a  large  quantity  of  oxygen,  the  oxygen  being 
always  in  great  excess  relatively  to  the  chlorine,  then  it  will  be  with  the 
oxygen  that  the  greater  part  of  the  hydrogen  set  free  by  the  decom- 
position of  the  hydrochloric  acid  will  combine.  Thus  hydrochloric 
acid  will  be  almost  entii  ely  transformed  into  water.  In  a  word,  the 
same  phenomena  wilF  again  have  taken  place,  but  in  the  inverse  order. 


PRELIMINARY  CONSIDERATIONS.  6 

6th.  Catalyais. — This  name  is  applied  when  a  body  determines  a 
combination  or  a  decomposition  simply  by  its  presence  alone,  without 
intervening  in  the  reaction. 

7th.  Elective  PropertieB. — The  elective  properties,  in  virtue  of  which 
bodies  have  more  or  less  tendency  to  combine  with  one  another,  are 
matters  of  experience.  ITiey  belong  to  the  intimate  nature  of  bodies. 
We  are  usually  able  to  foresee  them,  from  the  following  circumstance : 
when  two  bodies  combine  the  compound  can  be  reduced  to  its  elements 
by  the  influence  of  an  electric  current.  In  this  case  one  of  the  con- 
stituent principles  goes  to  the  positive,  the  other  to  the  negative  pole. 
We  suppose  the  former — that  which  goes  to  the  positive  pole — to  be 
charged  with  negative  electricity;  and  it  is  called  electro-negative  in 
relation  to  the  second,  which  we  suppose  charged  with  positive  elec- 
tricity, and  which  is  called  electropositive.  All  simple  bodies  can  bo 
ranged  in  such  a  series  that  each  of  them  will  be  electro-positive 
towards  those  which  precede  it,  and  electro-negative  towards  all  those 
which  follow. 

Experience  proves  that  the  tendency  which  any  two  bodies  have  to 
combine  with  one  another  is  in  direct  proportion  to  the  distance  which 
separates  them  in  the  electric  series. 

We  have  already  seen  that  in  order  to  understand  the  different 
physical  and  chemical  phenomena  we  are  obliged  to  suppose  that 
matter  is  composed  of  particles  indivisible  by  means  of  the  forces  at  our 
disposal — particles  which  are  called  molecules  or  atoms. 

Further,  we  have  seen  that  these  two  words  are  far  from  being 
synon^^mous,  the  molecule  being  generally  constituted  by  an  aggregation 
of  atoms.  The  force  that  unites  the  atoms  in  the  molecule  has  received 
the  name  of  affinity;  that  which  unites  the  molecules  among  themselves 
is  called  cohesion.  Formerly  affinity  was  defined  as  the  force  which 
unites  the  atoms  of  several  dififercnt  substances.  This  definition  was 
incomplete.  The  force  which  unites  two  atoms  of  hydrogen  in  the 
molecule  of  this  body  is  as  much  affinity  as  that  which  unites  an  atom 
of  hydrogen  to  an  atom  of  chlorine  in  the  molecule  of  hydrochloric 
acid. 

In  consequence  of  this  false  definition  the  word  affinity  presents, 
besides  the  philosophical  meaning  which  we  have  just  stated,  a  dif- 
ferent meaning.  We  call  affinity  the  elective  property  of  which  we 
have  just  spoken,  and  in  virtue  of  which  certain  bodies  are  more  or 
less  apt  to  combine.  It  is  thus  that  we  say  that  chlorine  has  groat 
affinity  for  hydrogen.  We  call  a  compound  body  stable  when  it  easily 
resists  decomposing  agents.  In  the  contrary  case  it  is  called  unstable. 
Two  bodies,  A  and  B,  can  often  form  several  definite  combinations 
into  which  they  enter  in  variable  proportions.  If  we  take  from  each 
snch  a  quantity  that  it  contains  a  constant  weight  of  the  body  A,  the 
weights  of  the  substance  B  will  always  be  in  relative  proportion  to  it. 
Thus  the  quantity  of  A  contained  in  different  weights  of  each  of  the 
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compounds  that  it  forms  with  B,  being  1,  those  of  B  will  be  respec- 
tively 

1:2:3:4:5:6:7. 

Similarly,  the  weight  of  A  being  2,  those  of  B  will  be 

2  :  4  :  6  :  8  :  10, 

and  so  on.  This  law  has  received  the  name  of  the  law  of  mtdtiple  pra^ 
portions^  and  is  due  to  Dalton.  When  the  combining  bodies  exist  in 
the  gaseous  state  there  is  always  a  simple  proportion  between  the 
volumes  of  the  two  primitive  gases  and  the  volume  of  the  compound 
formed,  taken  in  the  vapour  state  under  the  same  conditions  of  pres- 
sure and  temperature. 

The  compound  often  occupies  a  smaller  volume  than  the  sum  of 
the  volumes  of  the  elementary  gases.  Then  we  say  there  has  been 
a  contraction.      This  contraction  can  be   expressed  by  the  general 

formula  ■        ,  where  V  represents  the  volume  of  the  mixture  of  the 

two  gases,  v  the  volume  of  the  compound  formed.  Sometimes  the 
compound  occupies  the  same  volume  as  the  sum  of  the  two  elementary 
gases  :  this  case  does  not  occur  except  when  the  two  elementary  gases 
combine  in  equal  volume :  the  inverse  is  not  correct ;  there  may  be 
contraction  even  when  two  gases  combine  in  equal  volumes. 

The  volume  of  the  compound  formed  never  surpasses  the  sum  of  the 
volumes  of  the  elementary  gases ;  that  is  to  say,  there  is  never  dilata- 
tion.    This  law  is  called  the  "  law  of  Gay-Lussac.*' 


CRYSTALLOGRAPHY— OPTICAL  PROPERTIES. 

Crystallography. — -Most  substances  take  geometrical  forms  when  they 
pass  from  the  liquid  or  gaseous  to  the  solid  state  with  sufficient  slowness 
to  enable  their  molecules  to  take  the  positions  natural  to  them.  These 
forms,  which  are  always  the  same  when  they  are  produced  in  the  same 
conditions,  have  received  the  name  of  crystalline  forms,  and  the  bodies 
which  assume  them  that  of  crystals.  Crystals  never  have  retiring 
angles.  Such  angles  are  only  found  in  groups  of  several  crystals 
joined  together.  Sometimes  these  joinings  take  place  with  so  much 
symmetry  that  the  groups  which  result  present  a  very  regular 
appearance. 

Crystals  do  not  break  with  equal  facility  in  every  way.  Generally  they 
possess  two  or  three  directions  in  which  fracture  is  easily  accomplished, 
and  following  plane  faces  parallel  to  one  another.  These  parallel  faces 
are  called  cleavages.  When  we  cleave  crystals  in  a  direction  contrary 
to  the  proper  line  of  cleavage,  new  forms  are  obtained,  which  have  been 
called  cleavage  forma.  In  crystals  we  distinguish  f(ice$,  such  as  are 
bounded  by  the  lines  ABCD,  ABEF  (fig.  1) ;  edgea,  or  lines  formed 
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by  the  jnDction  of  two  fooes,  A  B,  C  D  ;  and  augles,  which  result  from 
the  intersection  of  three  or  more  faces,  as  the  angle  A  B  D  E,  from  the 
intersection  of  ihe  three  faces  A  B  C  D,  A  B  &  F, 
and  B  D  E  G. 

If  we  study  attentively  the  different  crys- 
talline forms  which  are  found  in  nature,  we  nee 
that  many  are  derived  from  one  by  a  very  eimple 
law.  The  collection  of  all  the  forms  derived 
thus  from  one  typical  form  has  received  the 
name  of  "  crystalline  ^stem."  There  are  six 
crystalline  systems  ;  that  is  to  say,  six  g^npn, 
of  which  each  comprises  forms  which  one  de- 
rives  from  the  others,  and  can  in  no  way  de- 
rive from  those  that  are  placed  in  the  five  other  groups. 

These  six  systems  can  bo  arranged  in  two  classes :  the  first  con- 
taining all  the  forms  iu  which  the 
three  edges  that  arise  from  the  same 
angle  are  perpendicular  to  one  an- 
other ;  the  second  contains,  on  the 
contrary,  all  the  forms  in  which  the 
three  edges  are  not  placed  at  right 
augles  to  each  other. 

Class  Fibst,  Perpendicular  Edges. 
— This  class  contains  three  systems 
of  crystals,  which  are  distinguished 
from    each    other    by    the    following  pig.  i.  Fig.  3. 

characters:  . 

In  Hie  first  sj/slem  the  three  edges  are  of  equal  length.  This  is  the 
cubic  or  regular  system  (fig.  1). 

In  the  second  system  two  of  the  three  edges  are  of  the  same  length,  but 
the  third  is  a  difi'erent  length  to  the  other  two.  This  is  the  system  of 
a  right  prism  mik  a  tqaare  base  (fig.  2). 

In  the  third  st/slem  the  three  edges  are  unequal.  This  is  a  system  of 
a  right  prism  havifig  a  rectanguiar  base  (fig.  3). 

Class  SEcoun.  (Clique  Edges.^in  this  class  the  three  last  crystal- 
line systems  are  ranged  ;  they  are  distinguished  fi-om  each  other  by  the 
same  characters  which  served  to  determine  them  first. 

In  the  fourth  «y»tem  the  three  edges  are  of  the  same  length.  This  is 
the  rhovAic  system  (fig.  4). 

In  the  jS/iA  sg»Um  two  out  of  the  three  edges  are  of  an  equal  length  ; 
but  the  the  third  has  a  difierent  length  from  the  others.  This  is  the 
system  of  an  inclined  prism  having  a  rhimbie  base. 

In  the  «riA  «/rf«B  the  throe  edges  are  unequal.  ITiis  is  the  system  of 
on  indined  prism  haoing  its  base  a  pareOdogram,  or  the  irregular  system 
(fig.  6).  The  typical  forms  of  which  these  six  systems  are  the  bases 
nndeigo  modifications,  by  the  help  of  which  secondary  forms  are 
derived. 
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Theee    modifications   coneiBt  in  the  aubstitntion  of  an  edge  or  a 
angle  of  a  crystal  by  one  or  more  faces  which  take  the   name   i 


tmncatod  fucee.  If  the  tnmoated  facen  which  affect  the  edgt^e,  oi'  those 
which  afiect  the  arglee,  are  prolonged  until  they  touch  each  other, 
a  second  form,  derived  fiwrn  the  first,  will  be  obtained.  It  is  thus  that 
in  Rubstitutiug'  each  angle  of  the  cube  bj'  a  face  equally  inclined  on 
each  edge,  and  prolonging  all  the  faces,  that  we  obtain  the  regular 
octahedron,  as  is  shown  by  figs.  7,  8,  and  9. 


Fig.  7.  Fig.  i.  Fig.  t. 

When  the  truncated  faces  are  not  prolonged,  the  crystal  contains  at 
the  same  time  both  faces  of  the  primitive  solid,  and  faces  of  the  derived 
solid.  Then  wo  have  a  compound  form,  such  aa  the  octahedral  cube  of 
fig.  8. 

The  law  which  presides  over  the  modifications  of  which  we  have  just 
spoken  is  known  as  the  law  of  aymmeiry.  It  is  thuH  expressed :— In 
a  crjstal  all  the  similar  paits  must  always  bo  modified  in  a  similar 
manner.  It  is  for  this  reason  Ihat  in  a  cube  where  all  the  edges  are 
alike,  and  where  all  the  angles  are  alike,  amxidification  on  one  edge,  or 
on  one  angle,  necessitates  the  like  on  all  the  other  edges  or  angles. 

There  are  novortlieless  special  cases  in  which  only  half  of  Iho  parte 
which  ought  to  be  modified  are  really  so,  only  one  of  the  two  alterna- 
tive part*(  having  undurgime  the  modification.  Crystals  of  this  nature 
are  called  hemihedral.  When  we  examine  tbcm,  we  find  that  tlio 
truncated  facets,  which  arc  then  called  hemihedral  facets,  aio  situated 
always  to  the  right  or  always  to  the  left  of  the  observer  whichever  way 
wo  turn  tho  crystal.  When  the  facets  arc  to  the  right,  wo  say  that  the 
crystal  is  hemihedral  lo  the   right;  when  they  are  to  the  left,  it  is 
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hemihedral  to  the  left.  Certain  siibstancos  assiinie  crystalline  forms, 
if  not  quite  identical,  at  least  so  nearly  so  that  they  are  only  to  be  dis- 
tinguished by  a  very  precise  measurement  of  angles,  and  these  angles 
are  very  much  alike.  If  such  substances  were  crystallized  together 
they  would  enter  into  one  cr^'stal  in  different  proportions,  and  the 
angle  of  the  crystal  would  bo  intermediate  between  thoFC  of  the 
different  bodies  which  take  part  in  it.  The  substances  which  pt)S6e^8 
this  property  are  called  isomorphous. 

Optical  FropertieB. — When  a  ray  of  light  is  reflected  under  a  certain 
angle,  or  is  refracted  in  passing  through  the  crystals  called  double 
refracting,  it  becomes  polarized.  Wo  understand  by  this  word  that  it 
acquires  the  property  of  extiuguishing  itself  every  time  it  is  reflected 
or  refracted  in  such  condition  that,  if  it  was  not  already  modified,  it 
would  pass  and  take  a  plane  perpendicular  to  that  which  it  has 
already. 

When  a  polarized  ray  falls  on  a  double  refracting  crystal,  under 
conditions  suitable  for  it  to  be  extinguished,  it  can  be  made  to  re- 
appear by  interposing  in  its  passage  tubes  full  of  particular  solu- 
tions, or  a  sheet  of  certain  transparent  substances.  The  ray  can 
again  be  extinguished  if  the  double  rei&ttcting  crystal  be  turned  a 
certain  number  of  degrees  either  to  the  right  or  to  the  left.  Then  we 
say  that  the  interposed  substance  turus  the  plane  of  polarization  to 
the  right  or  left ;  that  it  is  dextrogyrate  or  levogyrate.  Speaking 
generally,  a  substance  which  acts  upon  light  in  the  manner  described 
is  said  to  be  active,  whatever  may  be  the  way  in  which  it  acts. 

When  an  active  substance  is  capable  of  crystallization,  there  is  a 
relation  between  the  crystalline  form  and  the  direction  of  deviation. 
This  relation  is  such  that,  on  inspection  of  a  crystal,  we  are  able  to 
say  whether  the  bcdy  which  coustitutes  it  is  active,  and  whether  it 
is  levogyrate  or  dextrogyrate.  In  fact  all  active  substances,  in  crys- 
tallizing, assume  hemihedral  forms;  and  it  is  remarked  that  those 
which  turn  the  plane  of  polarization  to  the  right  are  hemihedral  to  the 
right,  while  those  that  turn  it  to  the  left  are  hemihedral  to  the  left. 
This  remarkable  discovery — suspected  fi.rst  by  Herschel — ^has  been 
definitely  placed  in  the  ranks  of  science  by  the  labours  of  M.  Pasteur. 
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If  we  dissolve  in  water  a  compound  of  chlorine  and  mercury  (chloride 
of  mercury),  and  place  a  sheet  of  copper  in  the  solution,  the  metallic 
sheet  win  become  white,  while  the  solution  becomes  blue,  and  that 
without  throwing  off  the  smallest  quantity  of  chlorine.  After  a  certain 
time,  on  taking  out  the  metal  and  warming  it  in  an  apparatus  which 
permits  the  volatile  parts  to  be  collected,  a  certain  weight  of  metallic 
mercury  is  obtained,  and  the  sheet  of  copper   regains  its  natural 
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colour.  If  it  be  then  weighed,  and  its  present  weight  be  deducted 
from  that  which  it  possessed  before  the  experiment,  it  will  be  found 
to  have  sustained  a  loss  indicating  the  disappearance  of  a  certain  qiian- 
tity  of  copper.  On  examining  the  solution  which  has  become  blue,  by 
the  proper  chemical  tests,  we  find  that  it  contains  copper,  but  that  it 
does  not  now  contain  the  smallest  trace  of  mercury. 

In  comparing  the  weights  of  the  mercury  precipitated  with  the 
copper  dissolved,  we  find  that  the  100  parts  of  mercury  have  been 
replaced  by  31 '50  parts  of  copper;  this  proportion  always  remaining 
strictly  the  same,  whatever  may  be  the  absolute  reacting  quantities  of 
the  two  metals.  Let  us,  in  the  second  place,  take  a  sheet  of  iron  and 
plunge  it  into  the  copper  liquor,  from  which  the  mercury  is  entirely 
extracted ;  the  copper  will  be  precipitated  in  its  turn,  and  the  iron  will 
enter  into  solution.  On  ascertaining  the  amount  of  iron  dissolved,  it 
will  be  found  that  31*60  parts  of  copper  have  been  replaced  by 
28  of  iron ;  this  proportion  always  remaining  the  same,  under  all 
circumstances,  without  our  being  able  to  observe  the  least  disengage- 
ment of  chlorine. 

Again,  let  us  take  28  parts  of  iron,  and  place  them  in  a  compound 
of  chlorine  and  hydrogen  (hydrochloric  acid) ;  hydrogen  gas  will  be 
disengaged,  and  the  iron  will  take  its  place.  *  If  the  gas,  set  at  liberty 
during  the  solution  of  the  28  parts  of  iron,  be  collected,  the  weight 
can  be  obtained  by  measuring  the  volume  (we  know  that  1  litre  of 
hydrogen  weighs  0*0896),  and  that  this  weight  will  be  equal  to  1. 
From  the  foregoing  it  results,  that  100  of  mercury  having  been  re- 
placed by  31*50  of  copper,  and  these,  in  their  turn,  by  28  of  iron, 
without  the  quantity  of  chlorine  contained  in  the  solution  having 
varied,  28  of  iron  are  equivalent  to  31*60  of  copper,  and  to  100  of 
mercury. 

Moreover,  as  1  of  hydrogen  has  been  replaced  by  28  of  iron,  these 
two  quantities  are  still  equivalent ;  and,  finally,  as  things  which  are 
equal  to  the  same  thing  are  equal  to  one  another,  it  follows  that  1  of 
hydrogen  equals  100  of  mercuiy  and  31  •  60  of  copper :  that  is  to  say, 
100  of  mercury,  31*60  of  copper,  28  of  iron,  and  1  of  hydrogen  are 
equal.  The  numbers  which  thus  express  ihe  proportions  according 
to  which  the  bodies  replace  each  other  in  chemical  combinations  bear 
the  name  of  equivalents,  or  proportional  numbers ;  and  thus  we  say 
that  the  equivalents  of  hydrogen,  mercury,  iron,  and  copper,  are 
respectively  1,  100,  28,  31*60. 

In  theee  proportions  hydrogen  has  been  taken  as  unity,  because  of 
all  known  bodies  its  equivalent  is  the  lowest. 

Determination  of  Equivalents. — The  preceding  method  is  neither 
applicable  to  all  simple  bodies,  nor  sufi&ciently  precise.  There  exists 
another,  by  the  help  of  which  we  can  determine  exactly  the  equivalents 
of  all  bodies.  To  find  the  equivalent,  say,  of  potassium,  relative  to 
hydrogen  taken  as  unity,  we  first  combine  potassium  with  chlorine, 
and  thus  obtain  a  compound  called  chloride  of  potassium,  which  we 
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analyze.  This  analysis  shows  that  100  parts  of  the  chloride  contain 
47 '  65  of  chlorine  and  52 '  35  of  potassium. 

Then  we  combine  chlorine  with  hydrogen ;  and,  on  analyzing  the 
hydrochloric  acid  thus  produced,  we  find  that  it  contains,  in  100 
parts,  97  •  26  of  chlorine  and  2  •  74  of  hydrogen.  Then  we  take  such  a 
quantity  of  each  of  these  compounds  that  they  contain  the  same  weight 
of  chlorine.  Let  this  weight  be  35  *  5 ;  that  is  to  say,  that  which  in 
hydrochloric  acid  is  combined  with  1  of  hydrogen  (which  we  find  by 
the  proportion — 

2-74:  97-26  ::  l:x;  therefore  a?  =  35 •  5). 

The  quantity  of  hydrochloric  acid  containing  this  weight  of 
chlorine  will  be  36*5.  The  weight  of  chloride  of  potassium,  which 
also  contains  35*5  of  chlorine,  is  given  by  the  proportion — 

47-65 :  100  : :  35*5 :  x;  therefore  x  =  74*50. 

Therefore  74*50  of  chloride  of  potassium  and  36*5  of  hydrochloric 
acid  contain  equally  35*5  of  chlorine;  and  as  36*5  of  hydrochloric 
acid  contain  1  of  hydrogen,  and  74*50  of  chloride  of  potassium  con- 
tain 39  of  potassium,  1  of  hydrogen  and  39  of  potassium  are  equiva- 
lents; the  equivalent  of  hydrogen  being  1,  that  of  potassium  is 
therefore  39. 

It  is  evident  that,  instead  of  taking  the  equivalent  of  the  potassium 
with  regard  to  hydrogen  in  a  direct  manner,  we  can  arrive  at  it  in  a 
more  indirect  way.  It  would  sufiioe  to  determine  by  the  same  method 
what  is  the  quantity  of  potassium  which  is  equal  to  28  of  iron,  or  to 
100  of  mercury,  or  to  103*5  of  lead,  etc. ;  and  as  103*5  of  lead,  100  of 
mercury,  28  of  iron,  each  equal  1  of  hydrogen,  the  number  found 
would  be  the  real  equivalent  of  potassium  ;  that  is  to  say,  39. 

Thus,  to  determine  the  equivalent  of  an  element  A,  we  combine  it 
with  another  body  B  ;  then  we  take  a  compound  of  this  second  body 
B  with  a  third  body  C,  of  which  the  equivalent  is  known,  and  we  seek 
what  is  the  quantity  of  B  which  is  there  combined  with  an  equivalent 
of  C.  Let  P  be  this  quantity  of  B.  Lastly,  the  analysis  of  the  com- 
pound A  +  B  being  made,  we  calculate  what  is  the  weight  of  A  which 
is  there  united  to  a  weight  of  B  equal  to  P ;  this  weight  of  A  repre- 
sents its  equivalent. 

Nevertheless,  this  method  possesses  an  inconvenience  and  often 
would  not  give  a  precise  result,  if  Mitscherlich  had  not  completed  it 
by  a  remarkable  discovery.  It  is  excellent  in  cases  which  require  to 
determine  the  equivalent  of  elements  which  only  form  one  series  of 
combinations,  but  would  ceatie  to  be  applicable  to  those  which,  with  a 
single  simple  body,  form  different  orders  of  compounds. 

For  example,  silver  forming  only  one  order  of  well-defined  com- 
pounds, its  equivalent  can  be  determined  by  the  above  process,  and 
has  been  found  equal  to  108  ;  but  this  result  could  not  be  arrived  at  if 
the  same  method  were  used  to  determine  the  equivalent  of  copper. 
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Copper  forms  with  chlorine  (as  well  as  with  the  greater  part  of  the 
bodies  with  which  it  is  capable  of  combining)  two  compounds ;  one, 
called  protochloride,  contains  in  a  hundred  parts — 

Chlorine 36-04 

Copper 63-96 

100-00 
The  second,  called  bichloride,  contains — 

Chlorine 62-95 

Copper 47-05 

100-00 

If  we  wish  to  decompose  the  protochloride  in  order  io  determine 
the  equivalent  of  copper,  in  comparing  this  compound  with  chloride  of 
silver,  knowing  the  latter  contains — 

Silver 7526 

Chlorine 24-74 

100-00 

and  that  the  equivalent  of  silver  is  108,  we  calculate  first  what  is  the 
quantity  of  chlorine,  which,  in  the  chloride  of  silver,  is  combined 
with  108  of  silver,  which  is  given  by  the  proportion — 

24*74  y  108 

76'26  :  24-74  ::  108  :  x;  therefore  x  =  zrz-^ =  35'5. 

75'26 

In  the  second  place  we  calculate  the  quantity  of  copper  which,  in 

the  protochloride  of  this  metal,  is  combined  with  35*5  of  chlorine, 

and  by  the  proportion — 

63 '96  X  35*5 

36-04  :  63-96  : :  35*5  :  a;  therefore  x  =  -^^ =  63, 

36*04 

the  equivalent  of  the  copper. 

If,  on  the  contrary,  we  wished  to  decompose  tbe  bichloride  of  copper 
in  order  to  determine  the  equivalent  of  the  metal,  we  should  calculate 
the  quantity  of  this  body  which,  in  the  bichloride,  is  united  to  35*5 
of  chlorine.     The  following  would  be  the  proportion — 

52*95 :  47-05  :  :  355  :  x 

47*05x35-5  63 

therefore  «  =  ^         =  31*50  =  ~. 

OjSi  *  yo  tit 

The  number  31-50  would  thus  represent  the  equivalent  of  the  copper. 

Thus,  if  we  compared  either  of  the  two  chlorides  of  copper  with 
chloride  of  silver,  we  should  find  two  different  equivalents  for  the 
copper,  of  which  one  is  double  the  other,  and  we  could  only  choose 
arbitrarily  between  them.  Mitscherlich,  however,  has  found  a  law 
which  removes  all  uucertainty  from  the  application  of  this  method. 

This  chemist  has  discovered  that  isomorphous  bodies  have  a  similar 
constitution,  and  he  has  thence  concluded  that  only  isomoi-phous  bodies 
should  be  compared  t(^ether.     If  we  apply  this  rule  to  the  preceding 
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case,  we  see  that  protocbloride  of  copper  alone  being  isomorphons  with 
chloride  of  silver  can  alone  be  compared  with  it.  Thence,  the  true 
equivalent  of  copper  will  be  that  which  is  deduced  from  this  compa- 
rison ;  that  is  to  say,  63. 

Before  Mitscherlich's  law  became  known,  the  equivalent  of  copper 
had  been  arbitrarily  deduced  from  the  composition  of  the  bichloride 
of  the  metal;  thence  the  equivalent  31-50,  which  we  still  find  in 
most  of  the  elementary  books,  though  it  is  incorrect 

Nevertheless,  it  results  from  the  preceding  £EU$ts,  that  the  term 
"  equivalent "  is  wanting  in  precision ;  in  reality,  we  ought  to  say  that 
a  simple  body  has  as  many  equivalents  as  it  makes  combinations  with 
any  other  element.  It  is  clear  that  if,  in  the  protocbloride  of  copper, 
63  of  copper  being  combined  with  35*6  of  chlorine,  take  the  place  of 
108  of  silver,  so  also,  in  the  bichloride,  31*60  of  the  same  metal  are 
united  to  35*5  of  chlorine,  and,  consequently,  equally  take  the  place  of 
108  of  silver.  This  confosion  will  disappear  if,  for  the  term  equivar 
lent,  we  substitute  the  much  more  clear  and  precise  one,  '^atomic 
weight." 

ATOMIC  THEORY. 

Dalton  was  the  first  who  conceived  the  idea  of  explaining  combina- 
tions by  the  hypothesis  of  atoms  in  juxtaposition.  He  thence  deduced 
that  these  atoms  being  indivisible,  the  different  quantities  of  a  body  A 
which  unite  with  an  invariable  quantity  of  another  body  6  ought  to 
be  in  the  same  rational  and  commensurable  proportions.  An  atom  of 
the  substance  A,  according  to  this  hypothesis,  can  only  be  in  juxtaposi- 
tion with  a  number  of  entire  atoms  of  the  substance  B.  From  the 
atomic  hypothesis,  therefore,  Dalton  deduced,  h  priori^  the  law  of 
multiple  proportions ;  a  law  which,  after  having  received  the  sanction 
of  experience,  has  become  one  of  the  most  solid  foundations  of  this 
hypothesis. 

The  atomic  theory  well  explains  the  fact  of  equivalents ;  that  is  to 
say,  the  fact  that  bodies  enter  into  combinations  in  quantities  which 
assume  the  same  proportions,  though  varying  with  each  case. 

Suppose,  for  example,  that  an  atom  of  potassium  weighs  39  times  as 
much  as  an  atom  of  hydrogen,  and  that  an  atom  of  chlorine,  in  order 
to  form  a  definite  combination,  requires  an  atom  of  one  or  other  of 
these  bodies.  The  weight  of  the  atom  of  chlorine  remaining  the  same 
in  both  cases,  it  is  evident  that,  to  saturate  it,  would  require  39  times 
more  weight  of  potassium  than  of  hydrogen.  Further,  as  these  rela- 
tions cannot  change,  when  the  combination,  instead  of  taking  place 
between  two  atoms,  takes  place  between  an  undetermined  number  of 
atoms,  it  results  that,  to  saturate  any  quantity  whatsoever  of  chlorine, 
takes  39  times  more  of  potassium  than  of  hydrogen :  this  is  what  we 
have  already  expres^ed  in  saying  that  the  equivalent  of  potassium  is 
39  relative  to  that  of  hydrogen  taken  as  1.     In  the  atomic  theory  the 
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equivalents  of  bodies  become,  therefore,  the  weight  of  their  atoms, 
compared  to  the  weight  of  the  atom  of  hydrogen  taken  as  unity,  and 
they  assume  the  name  of  atomic  weights. 

The  idea  of  atomic  weights  has  nevertheless,  as  we  said  before, 
something  more  precise  than  that  of  the  equivalent.  It  is  still  a  pro- 
portion, but  a  proportion  better  determined.  Thus,  let  us  suppose  that 
an  atom  of  oxygen  acts  the  same  part  as  an  atom  of  hydrogen ;  in  a 
word,  that  the  two  bodies  may  be  substituted  atom  for  atom ;  experience 
shows  that  8  parts  by  weight  of  oxygen  replace  1  of  hydrogen,  and  we 
must  conclude  from  this  that  the  atom  of  oxygen  weighs  8  times  as 
much  as  the  atom  of  hydrogen ;  that  the  atomic  weight  of  oxygen  is  8. 

Now,  let  us  admit  that  to  replace  1  atom  of  oxygen  requires  2  of 
hydrogen.  As  1  of  hydrogen  is  replaced  by  8  of  oxygen,  2  will  be 
replaced  by  16,  which  will  bring  us  to  the  conclusion  that  the  atom  of 
oxygen  weighs  16  times  more  than  that  of  hydrogen ;  that  the  atomic 
weight  of  oxygen  is  16.  Therefore,  as  the  atom  of  oxygen  is  substi- 
tuted either  for  1  or  for  2  atoms  of  hydrogen,  the  atomic  weight  of  the 
first  of  these  bodies  is  8  or  16,  while  the  equivalent,  which  only  repre- 
sents a  simple  ponderable  relation  without  consideration  of  atoms, 
always  remains  equal  to  8.  At  the  same  time  as  the  atomic  weights, 
we  ought  also  to  consider  the  molecular  weights ;  that  is  to  say,  the 
weights  of  the  molecules  of  bodies,  simple  or  compound,  in  proportion 
to  that  of  hydrogen  taken  as  1. 

Compound  bodies  cannot  have  atomic  weights ;  they  have  a  molecular 
weight  Simple  bodies  have  both  a  molecular  and  an  atomic  weight. 
These  two  weights  may  be  confounded  in  special  cases  whei*e  the 
molecule  only  contains  one  atom. 

By  knowing  the  atomic  weights  of  all  simple  bodies,  and  the  mole- 
culax  weights  of  these  elements,  and  of  the  compounds  which  they 
form,  we  shall  have  much  more  exact  ideas  of  the  constitution  of  bodies 
than  if  we  contented  ourselves  with  the  mere  knowledge  of  equivalents. 
There  are  means  by  the  aid  of  which  we  can  arrive  at  this  knowledge. 

Molecular  Weights. — In  the  gaseous  state,  all  bodies,  whether  simple 
or  compound,  have  the  same  coefficient  of  dilatation ;  that  is  to  say, 
they  expand  equally  by  an  equal  increase  of  temperature :  all  can  be 
equally  compressed  under  the  same  circumstances ;  that  is  to  say,  they 
are  reduced  to  the  same  fraction  of  their  volume  by  the  same  increase 
of  pressure,  everything  being  equal.  » 

llie  elastic  force  of  gases  is,  therefore,  about  the  same  in  all,  and  as 
it  is  generally  allowed  that  gaseous  molecules  are  in  movement,  and  that 
the  elastic  force  of  gases  results  from  the  shock  of  their  molecules 
against  the  sides  of  the  vessels  containing  them,  the  most  simple  way 
of  explaining  that  they  all  have  the  same  elastic  force  under  the  same 
conditions  consists  in  admitting  that,  in  equal  volumes,  the  pressure 
and  temperature  being  the  same,  all  gases  contain  the  same  number  of 
molecules.  This  supposition  is  based  on  the  law  of  Gay-Lussac,  rela- 
tive to  the  combinations  of  gaseous  substances.     If  gaseous  bodies  are 
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fonned  of  moleooles,  if  the  decompositions  and  combinations  result 
from  the  exchange  of  atoms  which  takes  place  between  the  molecules, 
or,  again,  from  the  union  of  several  of  these  molecules  into  one,  it  is 
very  evident  that  the  number  of  molecules  which  have  reacted,  and 
the  number  of  those  which  arise  from  the  reaction,  ought  to  present  a 
simple  proportion.  In  effect,  reactions  can  only  be  produced  between 
one  molecule  and  another,  or  between  one  molecule  and  two  others, 
and  so  on.  Thus,  if  in  equal  volumes,  and  under  the  same  conditions 
of  pressure  and  temperature,  all  gases  contain  the  same  number  of 
molecules,  the  simple  proportion  which  ought  to  exist  between  the 
number  of  the  reacting  molecules  and  the  number  of  molecules  formed 
in  the  reaction  ought  to  be  equally  observed  between  volumes  of  the 
gases  before  and  after  the  reaction,  which  really  takes  place.  This 
hypothesis  that,  for  an  equal  volume,  all  gases  contain  the  same 
nnmber  of  molecules,  first  brought  forward  by  Avogadro,  and  afterwards 
developed  by  Ampere,  is  best  known  under  the  name  of  the  latter. 

Starting  from  this  principle,  if  we  compare  equal  volumes  of  chlorine 
and  hydrogen,  we  find  that  the  volume  of  chlorine  weighs  35  and 
a  half  times  more  than  that  of  hydrogen;  we  therefore  conclude 
that  the  molecule  of  chlorine  weighs  35  and  a  half  times  more  than 
the  molecule  of  hydrogen.  But,  as  we  shall  see  presently,  the 
molecule  of  hydrogen  is  composed  of  2  atoms.  Hence  the  atom  of 
hydrogen  weighs  only  half  as  much  as  its  molecule ;  and  as  a  molecule 
of  chlorine  weighii  35  and  a  half  times  as  much  as  a  molecule  of 
hydrogen,  it  will  weigh  71  times  as  much  as  an  atom  of  the  same  body. 
If  we  take  the  weight  of  the  atom  of  hydrogen  as  unity  in  molecular 
weights,  as  we  have  done  in  atomical  weights,  we  should,  therefore, 
say  that  the  molecular  weight  of  chlorine  is  71. 

Thus  we  obtain  the  molecular  weight  of  a  simple  or  compound  body 
by  taking  its  vapour  density  relative  to  hydrogen,  and  multiplying  by 
2.  As  we  usually  compare  the  densities  of  vapours  relatively  to  air, 
and  as  air  weighs  14'4:$5  times  more  than  hydrogen,  the  density  rela- 
tive to  air  must  be  multiplied  by  14*435  in  order  to  transform  it  into 
the  density  relative  to  hydrogen.  Finally,  in  order  to  obtain  the 
molecular  weight  of  a  substance,  the  number  which  indicates  this  last 
density  must  be  doubled ;  it  is  easier  to  multiply  the  density  relative 
to  air  by  the  double  of  14*435 ;  that  is  to  say,  by  28 '87.  Thus  the 
molecular  weight  of  a  substance  is  obtained  on  multiplying  by  28*87, 
its  vapour  density  taken  relative  to  air. 

If  all  bodies  were  volatile,  nothing  would  be  easier  than  to  deter- 
mine their  molecular  weights,  but  such  is  not  the  case;  a  number  of 
compound  bodies  are  decomposed  before  attaining  the  temperature 
at  which  they  are  transformed  into  vapour ;  thence  the  necessity  of  a 
different  method  of  determining  molecular  weights.  Either  these 
bodies  are  capable  of  entering  into  combination  with  other  bodies, 
or  they  are  not.  Let  us  take  the  first  case,  and,  as  an  example, 
stearic  acid.    This  acid  is  a  fatty  body,  which  is  not  perceptibly 
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volatile,  and  in  which  a  certain  weight  of  potassium  is  capable  of  being 
substituted  for  an  equivalent  weight  of  hydrogen.  This  compound  has 
very  analogous  properties  to  acetic  acid,  which  can  also  undergo  the 
substitution  of  a  part  of  its  hydrogen  by  potassium,  and  of  which  we 
can  determine  the  molecular  weight,  as  it  is  volatile. 

We  prove  by  experiment  that  the  molecular  weight  of  acetic  acid 
is  60,  and  that  in  60  parts  of  this  acid  1  of  hydrogen  can  be  replaced  by 
39  of  potassium.  If  we  then  seek  the  quantity  of  stearic  acid  which,  on 
losing  I  of  hydrogen,  can  combine  with  39  parts  of  potassium,  we  find 
that  this  quantity  is  equal  to  284. 

Thus  284  parts  of  stearic  acid  are  the  equivalent  of  60  of  acetic 
acid ;  and,  as  60  of  acetic  acid  represent  the  weight  of  the  molecule  of 
this  acid,  284  ought  also  to  represent  the  weight  of  the  molecule  of 
stearic  acid. 

This  method  only  gives  exact  results  when  the  bodies  compared 
have  the  same  molecular  constitution.  Thus  an  acid  like  acetic  acid 
could  not  be  compared  with  citric  acid,  or,  at  least,  considerations  of 
another  order  must  be  brought  to  bear  in  the  comparison. 

To  obtain  the  molecular  weight  of  a  substance  non-volatile,  but 
capable  of  combining  with  other  bodies,  it  suffices  to  determine  what 
is  the  quantity  of  this  substance  which  equals  the  known  mole- 
cular weight  of  a  volatile  body  of  the  same  constitution.  This  quantity 
represents  the  weight  of  its  molecule. 

Lastly,  if  the  non-volatile  substance  is  incapable  of  entering  into 
combination,  it  is  submitted  to  the  action  of  reagents  which  decompose 
it.  We  then  obtain  new  compounds,  of  which  the  molecular  weight 
can  be  determined  by  one  of  the  preceding  methods.  Then  we  seek  to 
trace  back  from  the  molecular  weight  of  these  latter  compounds  to  that 
of  the  primitive  body,  by  taking  as  its  molecular  weight  that  number 
which  permits  the  reaction  to  be  expressed  in  the  most  simple  manner. 
This  proceeding  gives  Fess  certain  results  than  the  preceding  ones,  to 
which  we  always  recur  in  preference  when  we  are  able. 

If  we  take  as  unity  for  the  volume  of  gases  the  volume  of  that 
quantity  of  hydrogen  of  which  the  weight  corresponds  to  our  unit  of 
weight,  it  is  clear  from  the  preceding  that  the  weight  of  the  same 
volume  of  any  simple  or  compound  body  whatsoever,  considered  at 
the  gaseous  state,  will  represent  its  vapour  density  relative  to 
hydrogen,  and  consequently  the  half  of  its  molecular  weight.  To 
obtain  the  molecular  weight  of  a  body,  therefore,  it  is  sufficient  to 
multiply  by  2  the  weight  of  a  volume  of  its  vapour,  or,  what  is  the 
same  thing,  the  molecular  weight  of  a  body  will  be  equal  to  the  weight 
of  two  volumes  of  its  vapour.  We  express  this  fact  when  we  say  that 
all  bodies  have  a  molecular  weight  which  corresponds  to  2  volumes  of 
thoir  vapour. 

It  is  evident  that,  if  we  took  as  unity  a  volume  half  the  size  of  the 
preceding,  the  molecular  weights  of  all  bodies  would  correspond  to 
4  volumes  of  vapour. 
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Most  modem  chemists,  to  avoid  complication,  use  the  number  2 ; 
but  older  writers  employed  the  number  4,  and  some  elementary  authors 
use  it  at  the  present  time. 

Formerly  the  theory  of  Ampere  was  not  the  principle  used  to  deter- 
mine molecular  weights. 

Many  of  these  weights  were  incorrectly  known,  and  were  stated 
in  treatises  on  chemistry  at  half  of  their  proper  amount.  At  that 
time  there  were  bodies  of  which  the  molecular  weight  was  supposed 
to  correspond  to  2  volumes,  and  others  to  4.  It  is  to  Gerhardt  that 
the  honour  of  having  brought  into  use  the  theory  of  Ampere  belongs, 
as  he  showed  that  all  molecular  weights  ought  to  correspond  to  the 
same  gaseous  volume,  2  or  4  volumes,  according  to  the  imit  adopted. 

There  are  nevertheless  compound  bodies,  such  as  hydrated  sul- 
phuric acid  and  hydrochlorate  of  ammonia,  which  seem  to  prove  excep- 
tions to  this  law ;  their  molecular  weight  nevertheless  can  in  no  way 
be  divided :  this  could  only  be  done  by  dividing  at  the  same  time 
the  atomic  weight  of  the  simple  bodies  which  constitute  them,  and 
these  atomic  weights  are  too  surely  established  for  it  to  be  possible 
to  modify  them  ;  nevertheless  the  vapour  density  of  these  compounds 
is  such  that  their  molecular  weight  corresponds  to  4  or  8,  and  not  to 
2  or  4  volumes  of  vapour.* 

To  explain  this  anomaly,  many  chemists  have  thought  that  in  the 
cases  in  question  there  is  disunion ;  in  other  words,  they  suppose  that, 
under  the  influence  of  heat,  the  bodies  which  present  anomalous 
vapour  densities  decompose  into  two  others,  each  occupying  the  volume 
which  the  primitive  body  would  have  occupied  if  it  had  not  been  de- 
composed, that  is  to  say,  2  volumes.  The  two  bodies  united,  therefore, 
occupy,  according  to  this  hypothesis,  a  volume  the  double  of  that  there 
would  be  reason  to  expect  if  the  compound,  the  vapour  density  of 
which  we  determine,  did  not  decompose ;  and  if  the  two  bodies  sepa- 
rated by  heat  are  able  to  again  unite  on  cooling,  the  experimenter 
will  perceive  nothing  and  believe  that  he  has  found  an  anomalous 
density. 

An  an  example,  I  will  take  the  case  of  chloride  of  ammonium,  as  it 
is  really  on  it  that  all  the  discussion  turns ;  and  when  the  question  is 
settled  for  it,  it  will  be  for  all  that  resemble  it.  "When  we  heat  a 
molecule  of  chloride  of  ammonium  (a  compound  of  chlorine,  hydrogen, 
and  nitrogen)  it  decomposes  into  a  molecule  of  hydrochloric  acid 
(a  compound  of  chlorine  and  hydrogen)  and  a  molecule  of  gaseous 
ammonia  (a  compound  of  hydrogen  and  nitrogen).  The  number  of 
molecules  becoming  double,  the  volume  occupied  by  the  vapour  ought 
also  to  double.  Then  when  the  mixture  of  hydrochloric  acid  and 
gaseous  ammonia  becomes  cold,  the  two  bodies  would  again  enter  into 
combination,  and  the  two  molecules  would  reunite  into  one.     If  this 

*  4  or  8,  2  or  4,  represent  the  same  thing,  because  of  the  different  units  of  the 
volume  adopted.  These  difierenoes  oblige  us  always  to  employ  two  numbers  instead 
of  one,  of  which  the  one  is  the  double  of  the  other :  instead  of  saying  2,  we  say  2  or  4. 

C 
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were  the  case,  the  bodies  which  present  anomalotts  densities  would 
simply  be  bodies  which  would  not  volatilize  without  decomposition. 
This  theory  was  at  once  attacked  by  M.  Deville,  who  remarked  that 
gaseous  ammonia  decomposed  when  heated  alone,  at  the  temperature  at 
which  the  vapour  density  of  the  chloride  of  ammonium  had  been  deter- 
mined. Then,  said  he,  if  when  the  chloride  of  ammonium  be  vaporized 
this  salt  becomes  decomposed,  the  gaseous  ammonia  arising  from  the 
disunion  would  decompose  in  its  turn  into  hydrogen  and  nitrogen,  and 
the  chloride  of  ammonium  would  not  be  re-formed  on  cooling.  This 
salt  would  not  be  produced  when  placed  in  contact  with  nitrogen, 
hydrogen,  and  hydrochloric  acid.  M.  Wurtz  replied  to  this  objection 
that,  in  a  multitude  of  cases,  compounds  which,  alone,  are  instable, 
acquire  stability  in  presence  of  other  bodies  with  which,  nevertheless, 
they  do  not  enter  into  combination.  He  thence  concluded  that,  pro- 
bably, if  gaseous  ammonia  does  not  decompose  when  the  vapour  density 
of  chloride  of  ammonium  is  taken,  it  is  owing  to  the  fact  that  the 
hydrochloric  acid  with  which  it  is  mixed  gives  it  stability,  though  not 
combined  with  it.  Shortly  after  this  M.  Pebal,  with  the  help  of  a  very 
elegant  apparatus,  proved  that  the  vapour  of  chloride  of  ammonium 
contains  free  gaseous  ammonia.  The  question  seemed  to  be  decided  in 
favour  of  the  disunion,  but,  nevertheless,  such  was  not  the  case. 
M.  Deville  demonstrated  that  a  body  may  become  partially  separated 
before  being  at  the  tempei-ature  where  it  decomposes  completely,  and 
that  this  separation,  though  it  may  be  made  evident  by  appropriate 
means,  may,  nevertheless,  be  so  slight  as  to  have  no  influence  on  the 
results  of  the  determination  of  a  vapour  density.  Thus  the  question 
was  still  undecided.  To  settle  it  M.  Deville  performed  a  very  inge- 
nious experiment.  He  made  gaseous  hydrochloric  acid  and  ammonia 
gas  to  pass  into  a  glass  globe  heated  by  the  vapour  of  mercury,  that  is 
to  say,  to  350°,  a  temperature  at  which  the  density  of  the  chloride 
of  ammonium  corresponds  to  4  volumes.  The  two  gases  before  meeting 
had  circulated  in  spiral  tubes  placed  in  the  mercurial  vapour,  and 
possessed,  in  consequence,  exactly  the  temperature  of  350°.  In  these 
conditions  their  meeting  produced  a  disengagement  of  heat 

M.  Deville  believed  he  was  able  to  deduce  from  this  experiment  that 
at  350°  chloride  of  ammonium  does  not  decompose.  A  body  not  being 
able  to  form  under  conditions  where  it  is  destroyed,  if  this  salt  became 
decomposed  at  350°,  it  would  not  form  at  that  temperature ;  the  gaseous 
ammonia  and  hydrochloric  acid  would  not  combine  tmder  these  con- 
ditions, and,  consequently,  no  disengagement  of  heat  would  take  place. 
As,  in  fact,  heat  ia  disengaged,  we  are  obliged  to  admit  that  the  two 
gases  are  combined  at  350°,  which  proves  that  the  compound  they 
form  is  not  decomposed  at  this  temperature. 

llie  argument  seemed  conclusive,  and  for  a  little  time  was  believed 
to  be  decisive ;  it  seemed  no  longer  possible  to  sustain  the  theory  of 
separation ;  but  M.  Lieben,  in  a  veiy  lucid  and  interesting  communi- 
cation to  the  Soci^te  Chimique  of  Paris,  again  reopened  the  question. 
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M.  Lieben  demonstrated  by  a  number  of  examples  that  when  a  decom- 
position takes  place  by  heat,  and  the  products  of  this  decomposition 
are  not  removed  as  they  form,  the  decomposition  is  never  complete ; 
there  always  remains  a  small  quantity  of  the  original  substance  imdecom- 
posed,  which  produces  a  kind  of  molecular  equilibrium. 

He  then  said  that  if  the  experiment  be  reversed,  if,  instead  of  decom- 
posing a  body,  the  products  of  such  decomposition  be  brought  into 
contact  at  the  same  temperature,  the  equilibrium  produced  would  still 
be  the  same,  for  it  would  be  absurd  to  suppose  that  two  different  equi- 
libriums can  exist  in  identical  conditions.  The  greatest  part  of  the 
bodies  brought  into  contact  would  therefore  remain  free,  but  a  very 
small  fraction  of  their  masses  would  enter  into  combination  with  dis- 
engagement of  heat. 

By  applying  these  arguments  to  M.  Deville's  experiment,  it  may  be 
said,  according  to  M.  Lieben,  that  the  greatest  part  of  the  two  gases 
remain  separated  in  this  experiment,  and  that  the  portion  of  chloride 
of  ammonium  formed  is  so  small  as  not  to  influence  the  vapour  density. 

It  is  true  that  the  contrary  may  also  be  said,  and  that  between  these 
two  views  it  is  impossible  to  decide  a  priori  ;  but  M.  Lieben 's  explana- 
tion proves  that  it  is  not  sufficient  to  resolve  the  question  to  demon- 
strate that  the  meeting  of  gaseous  ammonia  and  hydrochloric  acid 
at  350"^  produces  a  disengagement  of  heat ;  this  disengagement  must 
also  be  measured.  M.  Lieben  has  therefore  established  that  M.  Deville's 
experiment  proves  nothing  for  or  against  the  theory  of  separation,  and 
that,  until  a  stricter  demonstration  to  the  contrary  occurs,  this  hypo- 
thesis may  still  be  admitted  to  explain  the  anomalous  vapour  densities. 
Finally,  M.  Wurtz's  recent  works  on  hydrochlorate  of  amylene  [a  com- 
pound of  hydrochloric  acid  and  amylene  (carbon  and  hydrogen)],  and 
on  hydrobromate  of  amylene  [composed  of  amylene  and  hydrobromic 
acid  (bromine  and  hydrogen)]  (see  Pseudo-olcohohi),  have  given  a  clear 
confirmation  of  M.  Lieben's  theory. 

When  the  vapour  density  of  these  bodies  is  determined  at  a  suffi- 
ciently low  temperature,  these  densities  correspond  to  two  volumes 
according  to  Ampere's  law,  and  they  are,  moreover,  normal,  because 
tbey  remain  constant  between  sufficiently  extended  limits  of  tempera- 
ture; 94°  —  194°  for  hydrochlorate  of  amylene. 

On  the  contrary,  when  a  certain  temperature  is  exceeded,  these 
bodies  begin  to  separate,  the  hydrochlorate  into  hydrochloric  acid  and 
amylene,  the  hydrobromate  into  amylene  and  hydrobromic  acid ;  their 
vapour  density  then  becomes  less,  and  a  time  arrives  when  the  separa- 
tion being  about  complete,  the  density  observed  seems  to  correspond  to 
4  volumes.  On  cooling,  the  separated  elements  again  unite,  but, 
nevertheless,  traces  of  uncombined  hydrochloric  or  hydrobromic  gas 
are  found  after  the  experiment,  showing  the  temporary  decomposition 
which  the  hydrochlorate  or  hydrobromate  has  undergone.  If,  during 
the  cooling,  the  amylene  does  not  again  wholly  combine  with  the  acid 
set  free  at  a  high  temperature,  it  is  because  these  bodies,  when  cold, 
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have  not  sufficient  affinity  to  become  entirely  saturated,  as  took  place 
with  the  elements  of  chloride  of  ammonium. 

Finally,  M.  Wurtz  has  recently  shown  that  heat  is  disengaged  when 
a  current  of  amylene  and  a  current  of  hydrobromic  acid  are  passed 
into  a  globe  which  is  heated  to  a  temperature  at  which  the  hydrobro- 
mate  of  amylene,  without  being  completely  separated,  has,  notwith- 
standing, a  considerable  tendency  to  separation. 

These  beautiful  experiments  of  M.  Wurtz  show  the  true  interpreta- 
tion which  ought  to  be  given  to  M.  Deville's  works,  and  decide  the 
question  in  favour  of  Ampere's  hypothesis.  Whatever  the  theory  may 
be,  it  is  nevertheless  true  that,  in  practice,  errors  would  be  committed 
by  trusting  exclusively  to  vapour  densities  in  order  to  determine 
molecular  weights.  Whether  or  not  it  is  due  to  separation,  these 
densities  may  lead  us  into  error,  and  proper  means  are  necessary  to 
enable  us  to  verify  the  molecular  weights  with  which  they  furnish  us. 

There  is  a  compound  of  hydrogen  and  carbon  (marsh  gas)  which  has 
such  a  density  that  its  molecular  weight,  deduced  from  this  density,  is 
equal  to  16 ;  is  this  weight  exact  ? 

Analysis  shows  us  that  marsh  gas  contains  j  of  its  weight  of  carbon 
and  ^  of  hydrogen;  if,  therefore,  its  molecular  weight  be  16,  this 
weight  is  formed  of  12  parts  of  c€irbon  corresponding  to  1  or  more 
atoms  of  this  body,*  and  of  4  parts  of  hydrogen  equalling  4  atoms,  as 
the  atom  of  hydrogen  weighs  1. 

An  atom  being  a  mass  indivisible  by  chemical  agents,  the  smallest 
quantity  of  hydrogen  which,  in  the  compound  in  question,  can  be  re- 
placed by  another  body  is'  equal  to  1,  that  is  to  say,  to  the  fourth  pai-t 
of  the  hydrogen  contained  in  the  substance  ;  if  therefore  the  molecular 
weight  of  marsh  gas  is  in  reality  16,  for  J,  or  for  f ,  or  for  J,  or  for  ^,  of 
the  hydrogen,  another  simple  body  could  be  substituted. 

If^  on  the  contrary,  the  molecular  weights  of  mai*sh  gas  were  only  8, 
this  gas  would  be  composed  of  6  of  carbon  and  2  of  hydrogen.  Ihen  only 
the  half  or  the  whole  of  this  latter  element  could  be  replaced  by  another ; 
never  the  fourth  part.  Finally,  if  the  molecular  weight  were  32,  there 
would  be  8  of  hydrogen,  and  this  metalloid  could  be  replaced  by  eighths. 

In  marsh  gas  hydrogen  can  be  replaced  by  fourths,  and  only  bj'^ 
fourths ;  its  molecular  weight  deduced  from  its  vapour  density  is  therefore 
correct.  To  recapitulate,  the  vapour  densities  in  most  cases  give  the 
molecular  weights  correctly ;  but  as  there  exist  several  exceptions  we 
must  always  check  the  results  deduced  by  the  system  of  substitutions. 

Atomio  Weights. — Two  methods  are  used  for  the  determination  of 
atomic  weights.  One  is  founded  on  the  fact  that  atoms  represent  the 
smallest  quantity  of  a  body  that  can  enter  into  reaction ;  the  other  is 
based  upon  specific  heats.  These  two  methods  are  both  indispensable, 
because  they  cannot  always  be  employed  indiscriminately.  When  they 
can  both  be  employed  they  are  a  mutual  help  in  checking  each  other. 

*  I  say  one  or  more,  because  I  do  not  suppose  the  atomic  weight  of  carbon  to  be 
known. 
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First  Method. — To  determine  the  atomic  weight  of  a  simple  body, 
we  must  first  know  its  molecular  weight  in  a  free  state  and  that  of  all 
the  compounds,  or  at  least  the  greater  number  of  compounds,  which  it 
forms ;  and  we  must  also  know  the  quantitative  composition  of  these 
latter.  We  then  take,  as  the  weight  of  the  atom,  the  greatest  number 
which  divides  exactly  the  weights  of  the  body  contained  either  in  its 
free  molecule  or  in  that  of  its  different  compounds.  A  molecule  can 
only  contain  a  number  of  entire  atoms,  because  these  are  indivisible  ; 
and  the  weight  of  any  number  of  atoms  is  necessarily  always  capable  of 
being  divided  by  that  of  one  atom.  An  example  is  necessary  to  under- 
stand clearly  the  preceding,  and  as  we  wish  to  justify  the  assertion  we 
made  relative  to  hydrogen — ^that  its  molecxde  contains  two  atoms — ^we 
will  commence  by  determining  the  atomic  weight  of  this  element 

On  comparing  the  weights  of  equal  volumes  of  free  hydrogen,  hydro- 
chloric acid,  hydrobromic,  hydriodic,  hydrocyanic,  hydro -sulphuric, 
hydroselenio,  andhydrotelluric  acids,  ammonia,  phosphoretted  hydrogen, 
arseniuretted  hydrogen,  ethylene,  propionic  acid ;  vapours  of  alcohol, 
ether,  acetic  acid,  formic  acid  and  water ;  we  find  for  the  molecules  of 
these  different  bodies  weights  which,  compared  to  that  of  the  molecule 
of  hydrogen  taken  as  unity  (and  not  to  that  of  the  atom  which  we  suppose 
to  be  as  yet  unknown),  are  as  follows : 


KaMSB  of  BODISBb 


Hydrogen  (firee)  . 
Hydrochloric  acid 
Hydrobromic  acid 
Hydriodic  acid  . 
Hydrocyanic  acid 
Water  .... 
Hydrosulphuric  acid 
Hydroeelenic  acid 
Hydroteliiiric  acid 
Formic  acid  . 
Ammonia  . 
Phosphoretted  hydrogen 
Arsenimretted  hydrogen 
Acetic  add 
Ethylene  •  .  . 
Propionic  acid 
Alcohol  .  .  . 
Ether  .... 


Weight  of 

their  Mole* 

calea,  taking 

I  he  Molecule 

ofH=  1. 


1 
18' 
40- 
64 
13- 

9 
17 
40- 
65' 
23 

8' 
17 
39 
30 
14 
37 
31 
37 


25 
50 


75 
5 


Quantitative  composition  of  the  Molecule. 


Quantity  of 
U  contained 
in  the  Mole- 
cule. 


1 

i 
i 

1 
1 
1 
1 
1 

H 
li 
1* 

2 
2 
3 
3 
5 


Quantities  of  other  Bodies  contained. 


17*75  of  chlorine. 

40  of  hromine. 

63 '5  of  iodine. 

13  of  carbon  and  nitrogen  (united). 

8  of  oxygen. 
16  of  sulphur. 
39*75  of  seleoinm. 
64*5  of  tellurium. 
22  of  carbon  and  oxygen  (united). 

7  of  nitrogen. 
15  *  5  of  phosphorus. 
37 '5  of  arsenic. 

28  of  carbon  and  oxygen  (united). 
12  of  carbon. 

34  of  carbon  aud  oxygen  (utiited). 
28  of  carbon  and  oxygen  (unitech. 
32  of  carbon  and  oxygen  (uuited). 


We  see,  on  examining  this  table,  that  the  greatest  common  divisor  of 
the  numbers  i,  1,  |,  2,  3,  5,  which  express  the  weights  of  hydrogen 
contained  in  the  molecules  of  the  different  bodies  examined,  is  J ;  i 
represents  therefore  the  weight  of  the  atom  of  this  body.  All  the 
weights  used  in  this  table  have  reference  to  the  molecule  of  hydrogen ; 
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to  say  that  hydrogen  has  an  atom  which  weighs  ^  is  to  say  that  its 
atom  weighs  only  half  as  much  as  its  molecnle. 

If  we  take  as  unity  the  weight  of  this  atom  instead  of  the  molecule, 
this  latter  becomes  equal  to  2,  and  all  the  numbers  which  appear  in  the 
preceding  table  will  be  doubled.    It  will  then  take  the  following  form  : 


Naxes  of  Codikb. 


Hydrogen  (free) 
Hydrochloric  add    . 
Hydrobromic  acid  . 
Hydriodic  add  .     . 
Hydrocyanic  add    . 
Water      .... 
Hydrosulphorio  add 
Hydroselenic  add   . 
Hydrotdluric  add  . 
Formic  acid  . 
Ammonia 
Phosphoretted  hydrogen 
Araeninietted  hydrogen 
Acetic  acid  . 
Ethylene.     . 
Propionic  acid 
Alcohol    . 
Ether      .     . 


MoleculAT 
Weights 

taken  rela- 
tively to  the 
atom  of 

Hydrogen. 


2 
36 
81 

128 
27 
18 
34 
81- 

131 
46 
17 
34 
78 
60 
28 
74 
62 
74 


50 


QoantltatiTe  composition  of  the  MoIecnleL 


Quantity  of 
H  oontuned 
in  the  Mole- 
cule. 


2 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
4 
4 
6 
6 
10 


Quantities  of  other  Bodies  contained. 


85*5  of  chlorine. 

80  of  bromine. 
127  of  iodine. 

26  of  cyanogen. 

16  of  oxygen. 

32  of  sulphur. 

79*50  of  selenium. 
129  of  tellurium. 

44  of  carbon  and  oxygen. 

14  of  nitrogen. 

31  of  phosphorus. 

75  of  arsenic. 

56  of  carbon  and  oxygen. 

24  of  carbon. 

68  of  carbon  and  oxygen. 

56  of  carbon  and  oxygen. 

64  of  carbon  and  oxygen. 


Now  that  we  have  estahlished  our  theory  that  a  molecnle  of  hydrogen 
is  composed  of  two  atoms,  we  will  seek  by  the  same  process  to  deter- 
mine the  atomic  weight  of  nitrogen;  but  according  to  cnstom  we  bring 
all  the  molecular  weights  to  the  weight  of  the  atom  of  hydrogen,  not 
to  that  of  its  molecule. 

For  this  purpose  we  will,  as  before,  examine  the  molecular  weights 
and  the  composition  of  the  different  volatile  compounds  of  nitrogen, 
such  as  protoxide  and  binoxide  of  nitrogen,  hyponitric  and  hydrated 
and  anhydrous  nitric  acids,  and  ammonia;  we  can  thus  form  the 
following  table : 


Molecnlar 

Weights 

Amount  of 

taken  rela- 

Nitrogen 

Namxs  of  Bodies. 

tively  to 

contained 

Amount  of  other  Bodies. 

the  atom  of 

in  the 

« 

Hydrogen 
=  1. 

Body. 

Protoxide  of  nitrogen   .     . 

44 

28 

16  of  oxygen. 

Binoxide  of  nitrogen     .     . 

80 

14 

16  of  oxygen. 

Hyponitric  acid  .... 

46 

14 

32  of  oxygen. 

Hyd  rated  nitric  acid     .     . 

63 

14 

49  of  oxygen  and  hydrogen 

united. 

Anhydrous  nitric  acid  .     . 

108 

28 

80  of  oxygen. 

Ammonia 

17 

14 

3  of  liydrogen. 

Nitrogen 

28     1 

1 

28 
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We  see  that  nitrogen  enters  into  the  molecule  of  the  different  bodiies 
which  appear  in  this  table  for  a  weight  equal  sometimes  to  ]  4,  some- 
times to  28.  Fourteen  being  the  greatest  common  divisor  of  these 
numbers,  will  represent  the  atomic  weight  of  nitrogen.  To  falsify  this 
conclusion  it  would  be  necessary  to  discover  a  new  compound  of  nitrogen 
into  the  molecule  of  which  would  enter  a  quantity  of  this  metalloid 
equal  to  a  divisor  of  14. 

Sexx)nd  Method. — We  owe  this  method  to  Dulong  and  Petit,  who, 
knowing  already  the  atomic  weights  of  many  bodies,  saw  that,  to 
elevate  1  degree  of  heat,  weights  of  different  simple  bodies  proportional 
to  their  atomic  weights,  always  required  the  same  quantity  of  heat. 
Thus  to  elevate  1  degree  23  grammes  of  sodium,  32  grammes  of  sulphur, 
1 18  grammes  of  tin,  31  grammes  of  phosphorus,  etc.,  required  the  same 
quantity  of  heat — a  quantity  which  we  will  represent  provisionally  by 
the  letter  P. 

As  we  know  that  specific  heat,  or  capacity  for  heat,  is  the  quantity 
of  heat  necessary  to  elevate  1  degree  the  unity  of  weight  of  a  body,  let 
us  see  what  is  the  specific  heat  of  4  elements,  representing  it  by  P. 

P  elevates  1  degree  23  grammes  of  sodium ;  thus  it  is  evident  that 
to  elevate  equally  1  degree  1  gramme,  that  is  to  say  23  times  less  of 
this  element,  23  times  less  heat  would  be  required,  that  is  to  say 

P      P 

~ ;  jr-  therefore  represents  the  capacity  of  sodium  for  heat. 

P  P 

We  find  that  the  capacity  for  heat  of  sulphur  is  — ,  that  of  tin  — -, 

32  118 

P 
that  of  phosphorus  — . 

Thus  we  see  that  the  specific  heats  decrease  as  the  atomic  weights 
augment,  and  that  in  the  same  proportion  :  if  the  atomic  weights  be  1, 
2,  4,  8,  16,  etc.,  the  specific  .heats  will  be  ^,  ^,  ^,  ^^^  etc. 

Arithmetic  teaches  us  that  if  the  two  factors  of  a  multiplication 
undergo  such  modifications  that  one  of  them  becomes  2,  3,  4,  5  times 
less,  while  the  other  becomes  2,  3,  4,  5  times  more,  the  product  is  un- 
changed. We  ought  therefore  always  to  obtain  the  same  number  when 
we  multiply  the  specific  heat  of  different  bodies  (which  we  find  by  the 
help  of  physical  means)  by  the  atomic  weights  of  these  same  bodies. 

Thus  the  product  of  the  atomic  weight  of  sodium  multiplied  by  its 

p  w  23 
specific  heat  will  be  — ,r^ —  =  P.    The  product  of  the  atomic  weight 

P  X  32 
of  sulphur  by  its  specific  heat  will  be  — — —  =  P. 

The  constant  number  P  has  been  determined  numerically  to  be  6  •  666. 

If  we  wish  to  know  the  atomic  weight  of  a  simple  body ;  to  determine 

its  specific  heat,  let  C  be  this  heat,  and  x  ite  unknown  atomic  weight, 

we  have : 

6-666 
C  X  ic  =  6-666  ;  thence  we  take  x  =  — tj—. 
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Thus  we  find  the  atomic  weight  by  dividing  the  number  6*666  by 
the  specific  heat,  the  result  of  experience. 

Dulong  and  Petit  have  expressed  this  law  by  saying  that  specific 
heats  are  inversely  proportional  to  atomic  weights. 

In  order  to  employ  this  method,  the  bodies  must  be  in  the  same 
state  when  their  specific  heat  is  determined.  Thus  the  specific  heat 
of  gases  could'  not  serve  to  determine  their  atomic  weight ;  but  in  this 
case  we  arrive  at  the  result  sought  for  by  a  complicated  method. 

M.  Yoestyn  has  shown  that  in  compound  bodies  each  atom  retains  its 
specific  heat.  If  a  compound  body  contains  in  its  molecule  2,  8,  or  4 
simple  atoms,  the  product  of  its  specific  heat  by  its  molecular  weight 
will  be  2,  3,  or  4  times  the  constant  number  6*666. 

If  therefore  we  wish  to  ascertain  the  atomic  weight  of  a  gas,  we 
engage  it  in  a  combination  which  can  take  the  solid  state,  and  of  which 
we  determine  the  specific  heat ;  we  multiply  the  number  which  repre- 
sents this  capacity  for  heat  by  the  molecular  weight  of  the  compound, 
and  by  dividing  the  product  by  6-666,  we  have  for  quotient  the 
number  of  atoms  which  constitute  the  molecule.  The  analysis  of  the 
compoimd  being  made,  and  the  atomic  weight  of  one  of  its  constituent 
elements  being  known,  the  atomic  weight  of  the  other  is  naturally 
deduced. 

For  example,  if  we  wish  to  find  by  this  means  the  atomic  weight  of 
oxygen,  we  combine  it  with  hydrogen,  and  determine  the  specific  heat 
of  the  water  formed,  or,  rather,  we  know  that  it  is  equal  to  1,  because 
the  specific  heat  of  water  has  been  taken  as  unity  of  specific  heat.  On 
the  other  hand,  we  determine  the  molecular  weight  of  the  water,  and 
find  it  equal  to  18. 

Now,  as  18  contains  3  times  6,  we  thence  conclude  that  the  water 
contains  3  atoms ;  and  the  analysis  of  the  water  being  made,  we  find 
that  18  of  water  contain  16  of  oxygen  and  2  of  hydrogen. 

We  know  already  that  the  weight  of  the  atom  of  hydrogen  is  1 ,  and 
thence  we  conclude  that  the  atom  of  oxygen  weighs  16.  If  it  weighed 
less  than  16,  there  would  be  more  than  1  in  the  molecule  of  water,  and 
as  this  already  contains  2  atoms  of  hydrogen,  it  would  contain  more 
than  3  atoms,  which  would  be  in  contradiction  to  the  deduced  conclu- 
sions of  the  capacity  of  water  for  heat. 

We  have  seen  that  instead  of  dividing  18  by  6*666,  we  only  divided 
it  by  6,  because  the  number  P  is  not  absolutely  constant,  but  varies 
between  6  and  7  ;  in  taking  6*666,  we  only  took  a  mean,  and  this  in  no 
way  invalidates  the  law  nor  the  results  deduced  from  it. 

The  specific  heats  are  only  approximately  determined,  because  we 
cannot  know  the  quantity  of  heat  which  a  body  absorbs  to  dilate  at  the 
same  time  that  it  becomes  heated,  a  quantity  which  is  in  addition  to 
the  specific  heat  and  falsifies  the  results ;  but  this  slight  discrepancy 
between  theory  and  experiment 'has  no  inconvenience;  it  tends,  it  is 
true,  to  give  to  atomic  weights  a  little  inexactness ;  but,  fortunately, 
the  approximation  is  near  enough  to  allow  the  analysis  of  compounds 
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into  whicli  the  bodies  enter  whose  atomic  weights  we  seek,  to  determine 
completely  these  latter. 

To  ascertain  the  atomic  weight  of  silver,  we  divide  the  number  6*666 

by  its  specific  heat  0*05701,  and  we  thus  obtain  o.Agwni  =  117  ;   if,  on 

the  other  side,  we  combine  silver  with  chlorine-  and  analyse  the  chlo- 
ride of  silver,  we  find  that  for  35*5  of  chlorine  this  compound  contains 
108  of  silver. 

As  35*5  represents  the  weight  of  an  atom  of  chlorine,  we  consider  it 
aa  combined  with  1,  2,  3,  4,  etc.,  atoms  of  silver;  and  according  to 
these  different  hypotheses,  the  atomic  weight  of  silver  will  be  108,  54, 
27,  etc 

Or  wo  can  suppose  in  chloride  of  silver  a  single  atom  of  silver  for 
2,  3,  4,  5,  etc.,  atoms  of  chlorine,  so  that  the  quantity  of  silver  combined 
with  35*5  of  chlorine  will  only  represent  the  half,  the  quarter,  the 
fifth,  etc.,  of  the  weight  of  its  atom.  Under  these  different  hypotheses, 
the  atomic  weight  of  silver  would  be  216,  324,  432,  540,  etc.  We  can 
still  take  other  hypotheses ;  but  whatever  they  may  be,  they  all  give 
for  the  atomic  weight  of  silver  numbers  which  are  considerably  distant 
from  the  number  117  found  by  specific  heat.  Only  one  supposition 
gives  a  value  which  at  all  accords  with  this  number ;  it  is  that  from 
which  we  deduce  the  atomic  weight  108 ;  108  ought  therefore  to  be 
considered  as  the  true  atomic  weight  of  silver.* 

We  shall  now  state  the  atomic  weights  of  the  different  simple  bodies. 
As  we  have  already  remarked,  these  weights  are  not  to  be  confounded 
with  the  old  equivalents  of  which  they  often  represent  the  multiples, 
but  with  which  they  have  sometimes  less  simple  relations  ;  it  is  neces- 
sary also  to  place  them  in  juxtaposition  with  these  old  equivalents,  as 
elementaiy  works  still  employ  the  latter.  We  give  a  table  of  four 
columns,  of  which  the  first  contains  the  names  of  the  elementary 
bodies ;  the  second,  the  symbols  by  which  they  are  ordinarily  repre- 
sented;  the  third,  their  atomic  weights;  and  the  fourth,  their  equi- 
valents. 

In  this  table  we  have  marked  with  an  asterisk  the  bodies  which  are 
of  BO  little  importance  and  so  little  known  that  they  do  not  require  a 
detailed  description. 

*  Three  bodies,  (oron,  silicon,  and  carbon,  have  atomic  weights  which  do  not  cor- 
respond  to  those  deduced  from  their  specific  heats.  Bat  these  three  bodies  aasmne 
different  allotropic  states  in  each  of  which  their  specific  heat  yaries.  This  exception 
does  not  disprove  the  law. 
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Namrb  of  THR  ELBXEiraB. 


Hydrogen 

Chlorine 

Bromine 

Iodine    . 

Fluorine 

Oxygen . 

Sulphur. 

Selenium 

Tellurium 

Boron    . 

Oarbon  . 

Silicon  . 

Girconium* 

Tin  .     . 

Titanium* 

Thorinum* 

Nitrogen 

Phosphorus 

Arsenic . 

Antimony 

Bismuth 

Potassium 

Sodium  . 

Lithium* 

OfBsium* 

Bubidium* 

Thallium 

Silver    . 

Barium  • 

Strontium 

Calcium . 

Magnesium 

Glucinium* 

Yttrium. 

Erbium* 

Terbium* 

Cerium* 

Lanthanum' 

Didymium* 

Lead 

Mercuiy 

Copper  . 

Zinc. 

Cadmium 

Nickel  . 

Cobalt    . 

Chromium 

Manganese 

Jion 

Molybdenum 

Tungsten 

Vanadium 

Uranium* 

Aluminum 

Niobium* 

Pelopium* 

Tantalum* 


mm\x%Lu  ««»M.A         Atomic 
''^^^      Weight.. 


H 

a 

Br 
I 
F 
O 

S 

Se 

Te 

B 

C 

Si 

Gr 

Sn 

Ti 

Th 

N 

P 

Ab 

Sb 

Bi 

K 

Na 

Li 

Cs 

Kb 

Tha 

^ 
Ba 

Sr 

Ca 

Mg 

Gl 

Yt 

Erb 

Ttr 

Ce 

La 

Di 

Pb 

Hg 

Cu 

Zn 

Cd 

Ni 

Co 

Cr 

Mn 

Fe 

Mo 

W 

V 

u 

Al 
Nb 
Pe 
Ta 


1 

35-5 

80 
127 

19 

16 

82 

79-50 
129 

II 

12 

28 

89-6 
118 

50 
231-5 

14 

31 

75 
122 
210 

39 

23 
7 
133-036 

85-36 
204 
108 
137 

87-5 

40 

24 

14 

64-30 
Unknown. 
Unknown. 

92 

92-8 

96 
207 
200 

63 

65 
112 

59 

59 

63-5 

55 

56 

96 
184 

68-5 
120 

27-5 

94 
Unknown. 
230 


Equvalente. 


1 

35-5 

80 
127 

19 
8 

16 

39-75 

64-5 

11 
6 

21 

33-6 

59 

25 

57-87 

14 

31 

75 

122  or  61 
155 

39 

23 
7 
133*036 

85-36 
204 
108 

68-5 

43-75 

20 

12 
7 

32-18 
Unknown. 
Unknown. 

46 

46-4 

48 

103-5 
100 

31-5 

32-5 

56 

29*5 

29-5 

26-75 

27-5 

28 

48 

92 

68-5 

60 

13-75 

t 
Unknown. 

92t 


t  The  atomic  weights  of  tantalum  and  niobium  have  just  now  been  modified  by 
M.  Marignac. 
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Kamks  or  ms  ELransTB. 


Gold  .  . 
Platinain 
Osmiain*  . 
Iridiam* 
Rhodium*  . 
Palladium*. 
Rutheniam* 
Indinm* 


Symbols 

which  npn 

•rattbem. 


Au 

Ft 

Os 

Ir 

Rh 

Pd 

Ra 

In 


Atomic 
Weights. 


196-5 
197 
197 
197 
104 
106-5 
104 
Unknown. 


Equivalents. 


98-25 


98' 

98' 

98" 

52 

53 

52 

35- 


5 
5 
5 

25 

919 


NOTATION,  FORMULAS,  AND  CHEMICAL  EQUATIONS. 

Chemical  notation  has  for  its  object  the  representation  of  all  known 
bodies  bj  abridged  formulas,  which  indicate  at  once  their  molecular 
weight,  their  qualitative  and  their  quantitative  composition;  they 
enable  the  signification  of  the  different  reactions  to  be  more  readilj 
comprehended. 

To  construct  these  formulas  a  symbol  is  used  which  represents  the 
atom  (not  the  molecule)  of  each  simple  body ;  these  are  the  symbols 
which  we  have  placed  on  the  preceding  table.  These  symbols  are  usually 
obtained  by  taking  the  first  letter  of  the  name  of  the  body ;  thus  O  for 
oxygen,  S  for  sulphur,  etaj  When  there  are  several  bodies  whose 
names  commence  with  the  same  letter,  the  first  letter  is  reserved  to 
designate  the  oldest  known  amongst  them,  and  for  the  symbols  of  the 
others  the  first  two  letters  of  their  names  are  used.  Thus  sulphur, 
selenium,  strontium,  silicon,  all  commence  with  S ;  S  signifies  sulphur, 
while  we  take  Si  for  silicon,  Se  for  selenium,  and  St  for  strontium. 

There  are,  nevertheless,  several  exceptions  to  this  rule :  sometimes, 
instead  of  the  first  two  letters,  we  take  the  first  and  one  of  those  in  the 
body  of  the  word.  Thus,  arsenic  is  As,  stannum  (tin)  Sn,  stibium 
(antimony)  Sb,  hydrargyrum  (mercury)  Hg. 

Several  symbols  are  taken  from  the  Latin,  as  the  last  three ;  some 
are  firom  the  German.  The  symbol  of  tungsten  is  W,  from  the  Ger- 
man Wolfram. 

All  simple  bodies  being  indicated  by  a  symbol,  nothing  is  easier  than 
to  represent  a  compound  molecule.  We  have  merely  to  write  the 
symbols  of  the  different  constituent  elements  side  by  side,  and  to  place 
above  each  an  exponent  figure  which  indicates  the  number  of  its  atoms 
present     This  exponent  is  dispensed  with  when  the  atom  is  single ; 

t  Some  83rmbolB  are  employed  baned,  to  indicate  that  they  are  taken  with  the 
valoe  they  have  in  atomic  notation,  and  merely  to  avoid  the  confusion  which  might 
arue,  as  aeyeral  anthorB  still  use  the  notation  of  equivalents.' 


I  Am,  however,  the  latter  notation  Is  heooming  disiued,  I  have  not  thought  it  neceasary  to  oontinne  the 
use  of  tbe  bars.    Su  Prefaoe.— (Tr.) 
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thus  SO*  represents  a  componnd  molecule  formed  of  1  atom  of 
sulphur  and  3  atoms  of  oxygen. 

In  writing  by  symbols  it  has  been  agreed  to  place  first,  that  one 
of  the  different  components  which  is  the  most  electro-positive ;  but 
this  rule  is  only  followed  exactly  when  there  are  not  more  than  two 
elements  present. 

It  is  clear  that  the  foimulas  of  wbich  we  speak  represent  the  quali- 
tative composition  of  bodies ;  it  is  also  dear  that  they  represent  their 
molecular  weight  A  molecule  can  have  no  other  weight  than  the  sum 
of  the  weight  of  the  atoms  forming  it ;  therefore,  in  order  to  know  how 
much  it  weighs,  we  have  only  to  multiply  the  atomic  weight  of  each 
element  by  its  exponent  and  to  add  the  products.  Thus,  glycerine 
having  as  its  formula  C'H^,  its  molecular  weight  will  be  equal 

to  the  weight  of  3  atoms  of  carbon  .  .  3  x  12  =  36 
+  the  weight  of  8  atoms  of  hydrogen  .  8x1=8 
4-  the  weight  of  3  atoms  of  oxygen    .      .     3  x  1 6  =  48 

Total 92 

These  formulas  also  represent  the  centesimal  composition  of  bodies. 
Knowing  the  quantity  of  the  different  elements  contained  iu  a  certain 
weight  of  the  compound  which  is  that  of  its  molecule,  the  knowledge 
of  its  centesimal  composition  is  arrived  at  by  simple  proportion. 

For  example,  to   find  the  centesimal   composition  of  acetic  acid 
(?'H*(y,  we  should  first  deduce  from  this  formula  that  the  molecule  of 
this  acid  weighs  60,  and  contains  2  atoms  =  24  of  carbon,  4  atoms  = 
4  of  hydrogen,  and  2  atoms,  or  32  of  oxygen. 

Then  we  place  the  three  proportions — 

:  X,  therefore  x  =  "i^^  =  ?t^  =  40 

:  X,  therefore  a;  =   ^^^^  =  -i?-'?  =     6-666 

:  «,  therefore  x  =  !i^  =  »xw  =  53-333 

90  6 

Now  we  understand  how  by  the  help  of  a  formula  we  can  know  the 
quantitative  and  qualitative  composition,  and  the  molecular  weight 
of  the  compound  which  it  represents.  It  remains  for  us  to  see,  how  a 
body  being  given,  we  can  establish  the  formula :  this  is  the  other  side 
of  the  problem. 

To  establish  the  formula  of  a  compound  body,  wo  firet  seek  by 
analysis  what  is  its  centesimal  composition ;  then  we  determine  its 
molecular  weight.  By  a  series  of  proportions  we  then  seek  the  com- 
position of  a  weight  of  this  substance  which  we  have  agreed  to  re- 
present as  the  weight  of  its  molecule.  Then  we  divide  tbe  quantities 
of  its  different  elements  by  their  atomic  weights ;  the  quotient  shows 
how  many  atoms  of  each  it  contains.  It  then  suffices  to  wiite  side  by 
side,  conmiencing  with  the  most  electro-positive,  the  symbols  which 
express  the  different  atoms,  and  to  place  above  these  symbols  an  expo- 
nent which  indicates  the  numbers  of  these  atoms. 


Ist.— 60  :  24 

::  100 

2nd.— 60  :     4 

::  100 

3rd.— 60  :  32 

::  100 
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Let  UB  apply  this  rule  to  a  particular  example :  to  establish  the ' 
formula  of  propionic  acid.  We  analyze  this  acid,  and  see  that  it  contains 
in  a  hundred  parts  48-648  of  carbon,  43-243  of  oxygen,  and  8-108  of 
hydrogen  (these  figures  added  give  99*999,  say  100). 

Then  we  will  seek  its  molecular  weight,  which  we  find  equal  to  74. 

This  done,  we  place  the  three  proportions — 

Ist.— 100  :  48-648  ::  74  :  x,  therefore  x  =  35-999,  say  36 
2nd.— 100  :  43  '243  ::  74  :  a?,  therefore  x  =  31-999,  say  32 
3rd.— 100  :     8*108  ::  74  :  a;,  therefore  x  =    5-999,  say    6 

Thus  a  molecule  of  propionic  acid  weighs  74,  and  contains  36  of 
carbon,  6  of  hydrogen,  and  32  of  oxygen.  The  atom  of  carbon  weigh- 
ing 12,  we  shall  have  the  number  of  atoms  of  this  body  contained  in 
the  molecule  of  propionic  acid  on  dividing  by  12  the  weight  which 
it  contains ;  that  is  to  say,  36  ;  and  as  f^  =  3,  we  conclude  that  it  con- 
tains 3  atoms  of  carbon.  # 

Also,  the  atom  of  oxygen  weighing  16,  we  will  divide  by  16  the 
weight  of  oxygen  which  the  molecule  contains :  |^  =  2,  propionic  acid 
thus  contains  2  atoms  of  oxygen. 

Lastly,  the  atom  of  hydrogen  weighs  1,  and  as  there  are  6  of  hydro- 
gen, we  conclude  that  propionic  acid  contains  6  atoms  of  this  element, 
as  4  =6. 

The  formula  of  propionic  acid  will,  therefore,  be  C'H'O". 

Sometimes  it  is  necessary  to  indicate  that  a  certain  number  of  mole- 
cules of  the  same  body  take  part  in  a  reaction.  Then  we  place  to  the 
left  of  the  formula  a  coef&cient  indicating  this  number.  It  is  thus  that 
to  express  3  molecules  of  propionic  acid  we  write  3CH"0*. 

Thus,  to  understand  reactions  precisely,  it  is  usual  to  represent  them 
by  equations.  In  these  equations  the  first  member  contains  the 
formulas  of  the  different  bodies  which  enter  into  the  reaction,  preceded 
by  the  coefficient  which  indicated  how  many  molecules  are  present ; 
and  the  fiecond  member,  which  is  separated  from  the  first  by  the  sign 
= ,  contains  the  formulas  of  the  products  which  are  formed  after  the 
reaction.  As  nothing  is  lost  in  chemical  actions,  it  is  clear  that  the 
second  member  of  the  equation  ought  to  contain  exactly  all  the  atoms 
which  existed  in  the  first,  difierently  grouped. 

For  example,   take  the  reaction  which  occurs  in  the  formation 

of   chloride  of   potassium  KCl  from    hydrochloric  acid    HCl,  and 

potash  KHO. 

KHO     +    Hd     =     KCl     +    WO 

FotMh.  Hydrochloric       Chloride  of  Water, 

add.  potasBlum. 

The  atom  of  potassium,  the  two  atoms  of  hydrogen,  the  atom  of 
oxygen,  and  the  atom  of  chlorine  which  form  the  first  member,  re- 
appear in  the  second,  only  they  are  grouped  difierently. 
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H        . 

CI      + 

§1° 

K 

-      (}1 

Hydrochlorio 

Hydrate 

Ohioride 

acid. 

of  potash. 

of  potanium. 

RADICLES,  ATOMICITY  OF  RADICLES. 

In  chemistry,  under  the  name  of  radicle,  is  designated  each  atom  or 
group  of  atoms,  capable  either  of  being  transferred  from  one  compound 
to  another  by  means  of  double  decomposition,  or  of  existing  in  a  free 
state  and  entering  directly  into  combination.  If  the  radicle  is  con- 
stituted of  a  simple  atom  it  is  called  a  simple  radicle  ;  if  it  is  consti- 
tuted by  groups  of  atoms  it  is  called  a  compound  radicle.  In  short, 
the  term  simple  radicle  is  synonymous  with  atom,  and  the  term  com- 
pound radicle  indicates  a  group  of  atoms  acting  the  same  part  as  a 
simple  atom.  The  following  formulas  enable  us  to  get  a  clear  idea  of 
what  is  meant  by  radicles  : 

Water. 

The  atoms  H,  CI,  and  K,  are  simple  radicles,  because  each  only 
contains  one  atom,  and  can  be  transferred  from  one  compound  to 
another  by  means  of  double  decomposition.  But  the  residue  HO  of  the 
molecule  of  potash  being  likewise  transferred  in  the  same  manner,  ought 
to  be  called  a  compound  radicle,  though  it  is  not  capable  of  isolation. 
The  following  example  shows  a  compound  radicle  capable  of  isolation  : 

C«H*     4-     2C1     =     C^H^Cl* 

Ethylene.  Chlorine.  Chloride  of  etbyL 

As  ethylene  is  capable  of  combining  directly  with  chlorine,  like 
simple  bodies,  it  ought  to  be  considered  a  compound  radicle. 

The  first  property  to  be  regarded  in  a  simple  or  compound  radicle 
is  its  capacity  for  saturation. 

We  will  first  consider  it  in  simple  radicles ;  and,  to  avoid  confusion, 
we  will  use  the  word  atom.  We  have  seen  that  the  equivalent  of 
oxygen,  that  is  to  say,  the  ponderable  quantity  of  this  body  which  is 
substituted  for  1  of  hydrogen,  or  which  combines  with  it,  is  equal  to 
8,  and  that  the  atom  of  oxygen  weighs  16,  that  of  hydrogen  weighing  1 ; 
that  is  to  say,  that  1  atom  of  oxygen  can  take  the  place  of,  or  can  com- 
bine with,  2  atoms  of  hydrogen. 

We  have  also  seen  that  the  equivalent  of  chlorine,  like  its  atomic 
weight,  is  35*5,  which  shows  us  that  the  atom  of  chlorine  only  com- 
bines with,  or  is  only  substituted  for,  a  single  atom  of  hydrogen. 

From  the  preceding  facts,  we  deduce  that  an  atom  of  chlorine 
requires  only  half  as  much  hydmgen  to  saturate  it  as  does  an  atom  of 
oxygen ;  and  to  explain  this,  we  will  say  that  chlorine  is  monatomic, 
and  that  oxygen  is  biatomic. 

Similar  considerations  show  us  that  1  atom  of  boron  can  combine 
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with  3  atoms  of  chlorine ;  that  is  to  say,  with  3  atoms  of  a  monatomio 
body ;  that  1  atom  of  carbon  can  combine  with  4  atoms  of  hydrogen  or 
chlorine ;  and  that  one  atom  of  phosphorus  can  combine  with  5  atoms 
of  chlorine ;  we  thence  conclude  that  boron  is  triatomic,  carbon  tetra- 
tomic,  and  phosphorus  pentatomic. 

To  sum  up,  we  call  monatomic  the  atoms  and  radicles  which  combine 
with  1  of  hydrogen  or  take  its  place ;  biatomic,  those  which  combine 
with  2  atoms  either  of  hydrogen  or  of  another  monatomic  body,  or 
which  take  the  place  of  2  atoms  of  these  bodies ;  we  call  triatomic  those 
which  combine  with,  or  take  the  place  of  3  atoms  of  hydrogen  or  any 
other  monatomio  body,  and  so  on. 

It  will  have  been  noticed  that  we  always  say  radicles  capable  of 
combining  with  n  atoms  of  hydrogen  or  of  taking  the  place  of  n  atoms  ; 
that  is,  in  effect,  that  they  may  be  combined  with  an  atom,  or  be  substi- 
tuted for  an  atom  in  a  like  manner. 

Every  stable  body  may  be  considered  as  a  molecular  edifice  in  equi- 
librium. In  a  molecule,  each  atom  represents  a  force,  therefore  it  is 
necessary  for  equilibrium  that  the  resultant  of  the  forces  proceeding 
from  all  the  other  atoms  be  equal  and  contrary  to  it.  If  we  take 
the  molecule  of  alcohol  C*H*0,  we  can  only  conceive  its  atoms  being 
in  equilibrium  when  the  force  represented  by  one  of  the  9  which  con- 
stitutes it  is  exactly  balanced  by  the  resultant  of  the  forces  represented 
by  the  other  8.  Thus  C*H*  ought  to  represent  the  same  force  as  O, 
C"H*0  the  same  force  as  H,  C  the  same  force  as  CH®0,  etc. 

This  point  once  established,  it  is  evident  that  to  substitute  1  atom  of 
chlorine,  say,  for  1  atom  of  hydrogen,  is  to  combine  this  atom  of 
chlorine  with  the  atomic  group  which  formerly  was  united  to  the 
hydrogen,  and  was  capable  of  maintaining  it  in  equilibrium,  and  which 
has  consequently  the  same  value  as  1  atom  of  free  hydrogen. 

To  find  the  atomicity  or  capacity  for  saturation  of  simple  bodies,  we 
determine  the  atomic  weight  of  these  bodies,  and  then  combine  them 
with  the  greatest  possible  quantity  either  of  hydrogen  or  of  another 
body  of  the  same  atomicity  (chlorine,  bromine,  iodine,  etc).  Thus  we 
see  with  how  many  of  these  monatomic  radicles  the  atom  of  the  simple 
body  in  question  is  capable  of  combining.  This  number  represents 
its  atomicity.  • 

Let  us,  for  example,  find  the  atomicity  of  carbon.  After  having 
determined  its  atomic  weight,  we  study  its  different  compounds  with 
hydrogen,  and  find  that  the  formula  of  the  one  in  which  an  atom  of 
carbon  C  is  joined  to  the  greatest  quantity  of  hydrogen  is  CH*.  We 
thence  conclude  that  carbon  is  tetratomic.  The  atomicity  of  a  simple 
body  represents,  therefore,  the  maximum  quantity  of  a  monatomic 
radicle  which  can  be  combined  with  that  body.  Nevertheless,  it  must 
not  be  thought  that  a  polyatomic  body  can  make  no  other  combinations 
than  those  which  correspond  to  its  maximum  atomicity.  Far  from 
this,  it  can  generally  make  all  the  combinations,  or,  at  least,  a  great 
number  of  the  combinations  less  saturated  than  is  in  accordance  with 
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the  theory.  Thus,  in  considering  a  tetratomic  combination  of  a  radi- 
cle R,  R'^H*,  we  may  say  that  the  combinations  R'^H',  R*^*,  R'^H 
are  generally  possible.  This  is  the  case  with  tin.  This  metalloid  is 
capable  of  combining  with  4  times  the  monatomic  compound  radicle 
C"H.*,  producing  the  body  Sn'^(C"H*)*;  but  beside  this  combination, 
tin  also  gives  the  compounds  Sn'^(C*H*)',  Sn'^(C*H*)«. 

Many  chemists  explain  the  preceding  fact  by  saying  that  one  body 
has  several  atomicities.  I  prefer  to  keep  tjie  word  atomicity  to  indi- 
cate only  the  maximum  capacity  for  saturation  of  a  body,  and  to 
consider  all  those  of  its  compounds  which  have  an  inferior  degree  of 
combination  as  non-saturated,  or  incomplete  molecules. 

Nevertheless,  as  it  is  also  useful  to  have  a  word  to  express  the  actual 
value  of  substitution  of  an  atom  or  of  a  compoimd  radicle,  we  will  use 
M.  Hofinann's  designation  of  this  property,  "  quanti valence,"  and 
speak  of  "  monovalent  radicles,"  **  bivalents,"  etc. 

Thus  we  say  that  lead,  whose  atomicity  is  equal  to  four,  is  only 
bivalent  in  the  greater  part  of  its  combinations. 

In  notation  we  express  this  quanti valence,  the  capacity  for  satura- 
tion of  radicles,  by  placing  over  the  symbols  which  represent  them  a 
certain  number  of  dashes ;  but  when  more  than  three  dashes  would  be 
required  it  is  preferable,  to  render  the  reading  easier,  to  use  Roman 
figures,  IV.  V.  VI.,  etc.  When  the  radicle  is  monatomic  no  sign  is 
used;  thus — 

CI  0"  Bo'"  C^^  P"^ 

signify  that  chlorine  is  monovalent,  oxygen  bivalent,  boron  triva- 
lent,  etc. 

It  is  important  to  remark  that  the  apostrophes  or  Roman  figures 
mark  the  actual  value  of  substitution — the  quantivalence  of  a  radicle, 
and  not  its  atomicity.  The  atomicity  being  an  absolute  invariable 
value,  it  is  useless  to  mark  it,  it  is  known  once  for  all.  The  quantiva- 
lent,  on  the  contrary,  varying  according  to  the  compounds  into  which 
a  radicle  enters,  ought  to  be  carefully  indicated. 

The  invariability  of  the  atomicity  of  simple  bodies  enables  us  to  com- 
prehend compound  radicles.  These  latter  are  only  incomplete  non- 
saturated  molecules.     * 

Thus  carbon  C,  being  saturated  when  it  is  in  the  state  of  marsh 
gas  CH*,  can,  nevertheless,  combine  with  1,  2,  or  3  molecules  of 
hydrogen ;  but  then  the  molecules  which  result  are  incomplete,  and 
tend  to  become  complete  by  taking  as  much  hydrogen,  or  any  other 
body  of  which  they  are  in  need,  in  order  to  pass  to  the  complete  state 
C** :  it  follows  that  CH'  can  only  take  one  monatomic  atom ;  it  will, 
therefore,  be  a  monatomic  radicle.  CH'  can  take  2  monatomic  atoms, 
or  1  diatomic  atom,  to  become  complete ;  it  will  be  a  biatomic  radicle. 
Lastly,  CH  can  take  3  monatomic  atoms,  or  1  triatomic  atom,  to  become 
complete ;  this  will  be  a  triatomic  radicle. 

The  three  radicles  below  do  not  exist  in  a  free  state,  but  they  may 
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be  considered  as  forming  part  of  certain  compounds.    Thns  we  may 
admit  that  the  radicle 

CH'  exists  in  chloride  of  methyl  p|  > 

CH*        „        iodide  of  methylene         -.A 

CH         ,>        in  chloroform  p,,l 

As  we  see  by  these  examples,  it  is  by  their  combinations  with  mona- 
tomic  bodies  ihat  wo  determine  the  atomicity  of  compound  radicles. 
We  could  not  deduce  the  capacity  for  saturation  of  any  radicle  from  the 
combinations  which  it  forms  with  polyatomic  radicles.  These  have  the 
property  of  accumulating  indefinitely  in  the  molecules.  M.  E6kul^  has 
given  a  hypothetical,  but  very  elegant  and  probable  explanation  of  this. 

For  example,  let  us  take  a  biatomic  atom.  M.  K^kul^  represents  it 
by  the  symbol  CEID*,  which  indicates  two  distinct  centres  of  attraction. 
It  is  clear  that  if  to  each  of  these  centres  a  monatomic  atom  is 
adapted,  the  biatomic  atom  will  be  saturated  and  incapable  of  combin- 
ing with  any  other  body  whatever ;  the  resultant  molecule  will  have 

the  form  ^^~^ ;  but  if  this  atom  is  combined  by  each  of  its  centres 
of  attraction  with  one  of  the  centres  of  attraction  of  another  atom,  like 
it  biatomic,  the  molecule  takes  the  form  *  ^ilc"i^'"o*  where  we  see 
there  remain  at  a  and  ft  two  non-saturated  centres  of  attraction.     Then 

we  could  have  successively  the  chain  ^  *  c  j  -^^TirP^jTr^'  *^^  others 
still  more  complicated,  until  two  monatomic  atoms  should  come  to 
close  the  molecule  by  giving  it  the  form 

®®   or  ®  Cl^TXS)   o-  dUDOIZEXT     n 
(T — n  "^  n — ncT — n  ^^ .  ®  ci — nci    n  ® 

The  combinations  with  polyatomic  radicles  give  no  indication  of 
atomicity,  and  to  determine  it  we  must  always  have  recourse  to  com- 
binations with  monatomic  radicles. 

Experience  has  proved  that  simple  radicles  or  monatomic  compounds 
never  exist  in  a  free  state  without  being  doubled ;  that  is  to  say, 
without  having  a  molecule  formed  of  2  atoms,  or  of  2  of  the  atomic 
groups  which  take  their  place. 

Thus  the  radicles  11,  CI,  Br.,  etc.,  in  a  free  state,  exist  in  the  forms 

II  1  CI  )  Br  I 

H  I  CI  J  Br  f 

*  In  these  figorcB  the  circles  or  the  ellipses  represent  atoms  and  the  points  or  the 
lines  placed  inside  represent  their  centres  of  attraction.  When  the  atoms  are  placed 
side  by  side,  the  lines  which  are  made  opposite  indicate  affinities  which  saturate  each 
other.  Simple  points  placed  ontside  the  atoms  opposite  the  internal  points  of  these 
latter  indicate  affinities  not  taturatcd.    Thus  CLE --O  means  a  tetratomic  atom,  and 

CTlXD  gignifies  a  tetratomic  fttom  with  three  affinities  saturated ;  two  by  a  dia- 

tomlc  atom,  and  one  by  a  monatomic  atom ;  the  fourth  remaining  free. 

n 
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and  only  in  tbese  forms.  There  is,  however,  an  exception  to  this  rule, 
hyponitrous  acid,  whose  formula  is  NO',  and  not  -vtq,  >, 

Biaiomic  radicles  can  exist  in  a  free  state  with  a  molecule  formed  of 
2  atoms,  as  well  as  with  a  molecule  formed  of  onlj"  one. 

It  is  thus  that  the  radicles  O,  S,  Se,  Te  have  molecules  represented 
by  the  symbols — 

0"  \  S"  1  Se"  \  Te"  ( 

0"  f  S"  f  Se"  !  Te"  f 

while  the  symbols  Hg",  Cd",  C*H'",  C»H«"  represent  both  the  atom  and 
the  molecule  of  mercury,  cadmium,  ethylene,  and  propylene.  The 
only  known  simple  triatomic  radicles  are  boron,  thallium,  gold  and 
vanadium ;  and  the  only  known  compound  triatomic  radicles  are  allyl 

niVTvif  >»  thebinoxide  of  nitrogen  NO,  and  kakodyl  /ngsxij^"!  [.     We 

know  nothing  of  the  constitution  of  the  molecule  of  boron  or  thallium, 
gold  or  vanadium,  whose  vapour  densities  chemists  have  not  yet  suc- 
ceeded in  taking.  As  to  allyl  and  kakodyl,  their  molecule  is  double ; 
but,  on  the  other  hand,  that  of  binoxide  of  nitrogen  is  simple. 

The  known  tetratomic  radicles  of  which  the  density  in  the  gaseous 
state  has  been  ascertained  have  an  atom  which  is  the  same  as  the 
molecule. 

Among  the  known  pentatomic  radicles,  some  have  a  molecule  formed 
of  2  atoms  like  nitrogen,  and  others  have  a  molecule  formed  of  4  atoms 
like  phosphorus  and  arsenic. 

Lastly,  the  only  hexatomic  radicle  which  we  have  in  a  free  state, 
benzine  (C*H*)^,  has  a  formula  which  corresponds  both  with  the  free 
molecule  of  this  body  and  with  the  radicle  as  it  enters  into  combinations. 

From  all  these  facts,  we  gather  that  if  the  radicles  of  uneven  atomi- 
city have  a  tendency  to  have  a  double  molecule  when  in  a  free  state, 
certain  of  them  nevertheless  can  have  a  siniple,  and  others  a  quadruple 
molecule. 

M.  Delavaud,  starting  from  the  idea  that  radicles  of  uneven  atomi- 
city can  never  exist  in  a  free  state  without  becoming  doubled,  has  pro- 
pounded a  theory  which  had  already  been  started  by  M.  Erlenmeyer, 
who,  however,  had  not  deduced  from  it  such  interesting  consequences ; 
M.  Delavaud  thought  that  this  theory  accounted  for  the  non-existence 
of  radicles  of  uneven  atomicity  in  a  free  state,  and  even  the  fact  of  the 
atomicity ;  it  may  be  summed  up  in  two  propositions  : — 

Ist.  No  non-saturated  molecule  can  exist  in  a  free  state. 

2nd.  Every  polyatomic  atom  results  from  the  union  of  a  certain 
number  of  monatomic  sub-atoms  capable  either  of  saturating  each  other  or 
of  being  saturated  by  other  radicles.  Thus  the  atom  of  phosphorus  P^ 
would  be  formed  of  five  sub  atoms,  and  we  should  have  P^  =  (j?^P^p^P^P^)' 
This  being  admitted,  it  is  easy  to  explain  that  a  radicle  may  have 
several  quanti valences  which  may  difier  by  an  even  number  of  units, 
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as  2,  4,  6,  etc. ;  bexatomic  atoms  may  be  bezavalent,  tetravalent.,  biva- 
lent-, or  neutral ;  and  pentatomic  atoms  may  be  pentavalent,  trivalenty 
or  monovalent. 

Let  ns  take  tbe  atom  of  carbon  C^  =  (cccc).    If  the  fonr  snb-atoms 

are  saturated  by  4  strange  radicles  we  should  have  [cccc)  *^^  *^® 
carbon  C*^  would  act  with  its  maximum  atomicity. 

But  while  two  C  are  saturated  by  strange  radicles  it  may  be  sup- 
posed that  the  other  two  saturate  each  other,  giving  biatomic  carbon 

C"=  Tg cccj'    l^*ly»  if  the  4  sub-atoms  saturate  each  other,  we 

have  free  carbon  O*  =  (c cc c).     Carbon  has,  therefore,  an 

absolute  atomicity  equal  to  the  number  of  sub-atoms  which  its  che- 
mical atom  contains ;  that  is  to  say,  to  4 ;  it  can,  moreover,  be  bivalent 
or  neutral. 

Let  us  now  take  nitrogen  ;  its  absolute  atomicity  is  equal  to  five :  its 
chemical  atom  contains  five  sub-atoms.  Further,  it  may  act  with  the 
quantivalences  5, 3, 1,  but  it  never  can  be  neutral.  It  requires  two  sub- 
atoms  for  a  reciprocal  saturation,  and,  as  the  number  of  these  sub-atoms 
is  uneven,  there  always  remains  at  least  one  that  is  non-saturated. 


1      I 

N'     =   (n    n 

W"   =   (n    - 

1      1 
n    n 

—    n 
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1      1      1 
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If,  tlierefore,  no  non-saturated  molecule  can  exist,  the  atom  of  nitro- 
gen, such  as  we  obtain  in  a  free  state,  can  never  form  a  molecule,  and 
the  molecule  of  free  nitrogen  will  always  contain  at  least  2  atoms,  in 
order  that  the  2  sub-atoms  that  have  remained  non-saturated  in  these 
latter  may  saturate  each  other.  The  molecule  of  free  nitrogen  then 
becomes — 

'         \n—    —    nn—    —    nnj/ 

M.  Delavaud's  theory  is  ingenious,  but  it  presents  several  diffi- 
culties. 

In  the  first  place,  we  do  not  see  how  the  sub-atoms  of  which  this 
chemist  speaks  remain  together.     Thus,  in  carbide  of  hydrogen, 

HHHH 


CIl*  =  (  I    I    I    I   ) 
\e  e   c  e  / 


the  four  sub-atoms  are  held  together  by  nothing. 

This  difficulty  may,  nevertheless,  be  eluded  by  admitting  that  the 
sub-atoms  of  which  we  speak  are  all  not  mono,  but  triatomio,  and  by 
not  seeking  to  explain  this  triatomicity,  without  which  we  should  go 
from  theory  to  theory  for  ever.     In  this  case  each  sub-atom  would 

D  2 
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exchange  two  afifinities  with  its  neighbour,  and  there  would  remain 
one  free ;  the  hydro-carbon  CH*  would  then  be^ 

H        H        H         H 


/     n        n        n         -ti    \ 

(I  I  I  I      ) 


The  triatomicity  of  the  most  simple  radicles  and  the  absence  of  any 
monatomic  radicle  would  well  accord  with  the  triatomicity  of  iodine 
and  the  probable  tnatomicity  of  the  other  halogen  bodies. 

The  variability  of  the  quantivalence  of  a  body  would  also  be  equally 
well  explained  by  this  triatomicity  of  the  sub-atoms.  Let  it  be,  for 
example,  oxide  of  carbon,  we  should  have — 

O  c  c 

|Jj~|_J^=(-ccoo)=CO. 

C  C  0 

Unfortunately,  tliero  is  a  fact  which  overthrows  M.  Delavaud's 
theory ;  this  is  the  existence  of  binoxide  of  nitrogen  NO.  According 
to  this  theory  the  radicle  can  only  have  an  uneven  atomicity.  In 
effect,  if  there  are  two  atoms,  one  of  even,  the  other  of  uneven  atomicity, 
in  whatever  way  they  may  be  united,  the  product  would  always  have 
an  uneven  atomicity.  On  the  other  hand,  it  is  impossible  to  doubt  that 
the  formula  NO  represents  the  real  molecule  of  the  binoxide  of 
nitrogen.  No  dissociation  can  be  admitted,  because  the  body  in  ques- 
tion is  gaseous.    Such  an  exception  completely  overthrows  this  theory. 

M.  Delavaud's  theory  has  another  inconvenience  which,  even 
without  the  exception  just  spoken  of,  would  prevent  its  adoption.  It 
goes  beyond  the  hypotheses  permitted  in  experimental  sciences ;  it  is 
metaphysical.  In  the  experimental  sciences  theories  ought  only  to  be 
the  generalization  or  eystemization  of  facts,  which  they  ought  never  to 
exceed.  M.  Delavaud's  theory  exceeds  facts,  since  it  supposes  sub- 
atoms,  whose  existence  is  not  demonstrated.  If  such  theories  were 
allowed,  a  thousand  might  be  propounded  which  would  be  as  justi- 
fiable as  that  of  M.  Delavaud,  and  which  would  reciprocally  oppose 
one  another.  Instead  of  coniining  ourselves  within  the  limits  of  expe- 
riment, we  should  arrive  at  empty  reasoning,  like  the  metaphysicians 
of  the  Middle  Ages. 

For  our  part,  as  we  do  not  wish  to  go  beyond  facts,  we  will 
admit  that  non-saturated  molecules  exist  in  a  free  state,  because  the 
oxide  of  carbon  and  many  other  bodies  furnish  proofs  of  it ;  and  we 
shall  also  say  that  radicles  of  uneven  atomicity  can  exist  without 
becoming  doubled,  because  this  takes  place  with  binoxide  of  nitrogen 
NO  and  hyponitrous  acid  NO*. 

This  leads  us  to  examine  an  idea  of  M.  Wurtz,  who  sees  an  anomaly 
in  the  fact  that  the  molecules  of  arsenic  and  phosphorus  are  V*  and 
As^,  instead  of  P*  and  As*,  and  that  the  molecules  of  biatomic  metals 
are  Hg",  Zn",  Cd",  instead  of  Hg>,  Zn»,  Cd'. 
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This  objection  does  not  seem  to  be  well  grounded.  Ampere's  law 
does  not  say  that  for  an  equal  Yolume  all  gases  contain  the  same 
number  of  atoms,  but  only  that  they  contain  the  same  number  of  mole- 
cules. If  it  were  otherwise,  it  would  be  necessary  to  establish  a  differ- 
ence, which  nothing  would  justify,  between  simple  and  compound 
bodies.  In  these  latter  the  number  of  atoms  varies  greatly  in  dif- 
ferent bodies,  even  though  the  gaseous  volume  occupied  by  the  mole- 
cule remain  the  same.  The  molecular  weights  are  given  by  the  law  of 
Ampere,  but  this  law  gives  no  indications  of  atomic  weights ;  that  is 
to  say,  of  the  nimiber  of  atoms  which  the  molecule  contains.  This 
number  may  be  1,  2,  4,  etc.,  and  may  even  vary  in  the  same  body,  as 
the  phenomena  of  allotropy  prove.     {See  Allotropy.) 

Is  there  any  anomaly  in  the  following  fJBict,  that  bodies  resembling 
each  other  like  nitrogen  and  phosphorus  have  not  similarly  constituted 
molecules  ?  We  think  not.  Analogy  and  resemblance  are  not  identity ; 
and  because  two  bodies  give  rise  to  many  similar  compounds  it  must 
not  thence  be  concluded  that  the  two  series  ought  always  to  be 
identical.  Were  it  otherwise  than  in  the  case  of  atoms  of  even  atomi- 
city, we  do  not  see  why  mercury  should  be  anomalous  rather  than 
oxygen.  If  there  were  any  anomaly  it  would  rather  be  on  the  side  of 
the  oxygen,  since,  with  the  exception  of  this  body  and  its  three  con- 
geners, all  known  radicles  of  even  atomicity  have  a  simple  molecule. 

We  think  the  molecules  of  simple  bodies  are  in  all  points  analogous 
to  those  of  compound  bodies,  and,  like  these  latter,  may  contain,  accord- 
ing to  the  case,  a  very  variable  number  of  atoms.  The  molecule  of 
phosphorus  F^  and  the  molecule  of  mercury  Hg  are  no  more  anomalies 
than  the  molecules  OH'  or  SeCP. 


MOLECULAR  TYPES. 

Thirty  years  ago,  M.  Dumas,  generalizing  the  facts  hitherto  known 
relating  to  the  action  which  chlorine  and  bromine  exercise  onorganic 
substances,  for  the  first  time  applied  the  idea  of  type  to  chemist  r}''*. 

A  compound  in  his  eyes  constituted  a  molecular  type,  in  which  one 
or  more  atoms  of  one  body  could  be  replaced  by  one  or  more  atoms  of 
another  without  the  type  being  altered.     Thus — 

Acetic  acid CH^O", 

Chloracetic  acid C*H»aO*, 

Bichloracetic  acid CffCl'O", 

And  trichloracetio  acid C'HCl'C, 

belonged,  according  to  I^L  Dumas,  to  the  same  tyx>e,  though  in  the  three 

last  the  hydrogen  of  the  acetic  acid  was  partially  replaced  by  chlorine. 

Laurent,  following  the  same  idea,  asserted  what  has  since  been  proved 

to  be  incorrect    He  said  that  bodies  derived  by  substitution  were 
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always  allied  by  the  closest  analogy  of  properties  to  those  from  which 
they  were  derived. 

Later  still,  Dr.  Williamson  remarked  that  alcohol  CH'O,  already 
regarded  as  an  hydrate  of  the  radicle  ethyl  C*H*,  ma}'  be  considered 
as  being  derived  from  a  molecule  of  water  by  the  substitution  of 
ethyl  for  the  half  of  the  hydrogen  : — 

W&ter.  Alcohol. 

The  idea  of  type  thus  advanced  a  step.  In  order  to  class  two 
bodies  in  one  type  it  was  no  longer  necessary  for  them  to  resemble  each 
other  in  their  properties ;  it  was  sufficient  if  they  were  capable  of 
undergoing  analogous  metamorphoses. 

Finally,  Qerhardt,  generalizing  this  view,  classed  side  by  side  bodies 
having  very  different  properties;  so  that  a  chemical  type  becomes 
nothing  more  than  a  general  system  of  reactions.  Acetic  acid,  water, 
and  alcohol,  are  classed  in  ^e  same  type,  because  these  three  bodies 
undergo  analogous  transformations. 


H  f  " 

-     0     = 

O'H'O 
H 

Acetic  add. 

Oxygen. 

AUdiTd. 

ijo 

_    0    = 

?) 

Water. 

Ozygra. 

Hydrogen. 

CTIM,v 
H  (^ 

-    0    = 

C'H») 

AlcohoL 

Hydride  of  ethyl. 

Thus  acetic  acid  may  be  deprived  of  its  oxygen  and  give  origin  to 
aldehyd ;    water  may  equally  lose  its  oxygen  and  give  rise   to   free 
hydrogen;    and   alcohol  can  be  deoxidized  and  furnish  hydride   of 
ethyl. 

Similarly,  when  we  treat  the  preceding  bodies  with  perchloride  of 
phosphorus  they  exchange  their  oxygen  for  an  equivalent  quantity  of 
chlorine,  and  divide  into  2  parttj,  giving  an  atom  of  chlorine  to  each  of 
their  2  radicles  ; — 


C'H'O  1  ^ 
H  I  ^ 

Acetic  acid. 


H 
H 

Water. 


(° 


C'H* 
H 

Alcohol. 


(0 


4-    POP     =     PCPO     + 

Perchloride         Oxychloride 
of  phosphorus,      of  phosphorus. 

+    PCI*     =     PCTO     + 

Perchloride         Oxychloride  of 
of  phosphorus.        pboephonis. 

+    PCI-     =     PC1»0     + 

Perchloride         Oxychloride  of 
of  phosphorus.        phosphorus. 


O'H'O  \ 

01 1 

Chloride 
of  acetyL 

SI 

Hydrocblorio 
add. 

C'H* 
CI 

Chloride  of 
ethyl. 


H 

CI 


} 


Hydro^lorio 
add. 


( 


} 


Hydrodiloric 
add. 

Hydroctiloric 
add. 


By  applying  the  word  type  in  this  sense  we  prejudicate  nothing  as 
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to  the  real  grouping  of  the  atoms  in  the  molecule,  nor  the  analogy  of 
properties  which  the  bodies  may  present.  We  only  try  to  explain  the 
reactions  in  a  more  striking  manner,  and  to  bring  together  those  which 
resemble  each  other. 

If  two  bodies  obey  two  different  systems  of  reaction,  they  onght  to 
be  considered  as  belonging  to  two  different  types. 

If  a  body  were  to  obey  at  the  same  time  two  systems  of  reaction 
which  characterize  different  types,  it  would  belong  to  both  these  types. 
Its  formula  ought  to  be  given  differently,  according  as  it  would  be 
represented  undei^oing  the  one  or  the  other  of  these  two  series  of  re- 
actions. 

There  is  a  body,  aldehyd,  whose  formula  is  generally         jr  >,  placing 

it  in  the  hydrogen  type.  We  thus  indicate  that  this  body  acts,  in  a 
certain  number  of  reactions,  like  hydrogen ;  that  there  is  between  it 
and  another  compound,  called  acetic  acid,  the  same  relation  that  there 
is  between  hydrogen  and  water. 

But  if  we  treat  aldehyd  by  oxychloride  of  carbon,  the  following  re- 
action will  be  produced : — 

CH*0     +     COCP     =     CO"    +     ^l|     +     ^'gj| 

Aldehyd.  Oxjcbloride  Carbonic       Hydrochloric  Chlor- 

of  carbon.  anhydride.  add.  acetyl. 

This  reaction  is  analogous  to  that  which  takes  place  when  we  cause 
oxychloride  of  carbon  to  act  on  water. 

H«0     +     COOT     =     CO'     +     01}     +     Cl} 

Water.  Oxychloride  Carbonic     Hydrochloric       HydrocfaloTic 

of  carbon.  anhydride.  add.  add. 

When  we  want  to  explain  this  last  reaction,  the  aldehyd  ought  to 
receive  the  formula      ^  \  0,  which  places  it  according  to  the  water 

type. 

Gerhardt,  after  having  established  the  definite  meaning  of  the  word 
type,  discovered  that  all  reactions  can  be  referred  to  four  principal 
types. 

These  four  types  are : — 

H  1 
IsT.  The  Hydrogen  Type    -^  > 

By  substituting  simple  or  compound  radicles  either  for  one  or  both 
of  the  atoms  of  hydrogen,  we  obtain  the  formulas— 
CL  Of  simple  monatomic  bodies. 

p.  Of  compound  isolable  radicles  of  the  same  atomicity. 
y.  Of  certain  bodies  formed  by  the  union  of  two  different  monatomic 

radicles,  simple  or  compound.  _ 

a.  Of  biatomic  radicles,  simple  or  compound,  of  which  the  molecule 
is  only  formed  by  one  atom  or  by  one  group  in  its  place. 
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2nd.  The  Hydrochloric  Acid  Type 


en 


All  the  compounds  formed  by  the  oombination  of  oblorine,  bromine, 
iodine,  and  fluorine,  with  any  monatomic  radicle  whatever,  are  consi- 
dered as  belonging  to  this  type.  Logically,  it  is  useless ;  we  can  in- 
clude it  in  the  hydrogen  type  by  simply  replacing  in  the  latter  an 
atom  of  hydrogen  by  an  atom  of  chlorine.  Nevertheless,  we  preserve 
it  because  it  is  useful  in  practice. 

8rd.  The  Water  Type    ^\o 

In  this  type  are  classed  the  compounds  which  oxygen,  sulphur,  sele- 
nium, and  tellurium  form  with  the  different  monatomic  radicles,  and 
a  part  of  those  which  these  same  bodies  form  with  biatomic  radicles. 

For  example,  on  replacing  one  H  by  K  (symbol  of  potassium)  we 

H  1 
have  the  compound  ^  [  0,  and  on  replacing  2H  by  2K  we  have  the 

K  ) 
compound  g^  f  O. 

Lastly,  on  substituting  in  these  two  formulas  the  symbols  of  sulphur 
S,  selenium  Se,  and  tellurium  Te  for  that  of  oxygen,  we  obtain  the  for- 
mulas 

f}s.      f)Se.     f}Te;      | )  S.        |  }  Se,      |  }  Te. 

of  two  sulphur  compounds,  two  selenium  compounds,  and  two  tellu- 
rium compounds  of  potassium. 


H 
4th.  The  Ammonia  Type    H 

H 


}" 


To  this  type  belong  the  bodies  which  are  derived  from  ammonia,  or 
the  compounds  in  which  the  nitrogen  of  ammonia  is  replaced  by  phos- 
phorus, arsenic,  antimony,  or  bismuth. 

By  the  help  of  the  four  preceding  types  we  could  only  represent  the 
formulas  and  reactions  of  a  very  small  number  of  bodies  which  con- 
tain polyatomic  radicles.  To  remedy  this  inconvenience,  Gerhardt 
invented  condensed  types,  which  are  only  the  four  preceding  ones 
doubled,  tripled,  etc. 

For  these  4  types  we  have  then  : 

1st.  The  hj'drogen  type,  simple  or  condensed — 

HI  HM  HM  H-  1 

H  f  H«  f  H»  f  •  •  •  H"'  f    . 

2nd.  The  hydrochloric  acid  type,  simple  or  condensed — 
H  \  HM  W\  HM 

CI  (  CP  f  CP  f       •  •  •  •  CI-  f 


1 
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3rd.  The  water  type,  simple  or  condensed — 

H 
H 


}0,       g:}(y^      fflo^./.-ilfO' 


4th,  The  ammonia  type,  simple  or  condensed — 

H)  H»)  W]  H' 


H 
H 


In     h«  y n»     h»  y n>  . . . .  h» y n- 


Lastly,  we  are  able  to  join  to  these  types  mixed  condensed  types 
formed  by  the  union  of  one  or  more  molecules  of  water  with  one  or 
more  molecules  of  hydrochloric  acid,  as 


i}°  +  cif   -   gjo 


The  discoveries  of  late  years  have  greatly  augmented  the  import- 
ance of  these  condensed  types ;  it  is  true  that  objections  have  been 
raised  to  them  on  the  ground  that  bodies  like  water,  hydrogen,  or 
ammonia,  condensed,  do  not  exist,  and  therefore  cannot  serve  as  types. 

This  objection  is  unfounded.  The  molecular  condensations  in  ques- 
tion could  only  take  place  under  the  influence  of  polyatomic  radicles. 
Oxygen  being  saturated  in  water,  we  cannot  understand  why  the  water 
should  be  doubled ;  but,  on  the  other  hand,  we  can  easily  conceive  that 
if  two  atoms  of  hydrogen  taken  in  two  different  molecules  of  water 
are  replaced  by  an  indivisible  biatomic  radicle,  the  two  molecules  of 
water  will  be  found  united  into  one,  as  the  following  formulas  will 
explain : — 

HIq  H 

H I  ^  R" 

H 


ih 


0* 


IX>able  molecale  proceeding  from  two  molecules  of 
Two  mote^aU  of  water.  "^^  condcDaed  by  tbe  Watomic  radicle  K".  " 

Sometimes  for  the  hydrogen  of  one  of  these  types  a  compound  radicle 
is  substituted  which  itself  contains  this  metalloid.  To  distinguish 
the  hydrogen  which  forms  part  of  this  radicle  from  what  remains  of 
the  primitive  formula,  this  latter  receives  the  name  of  typical  hy- 
drogen. 

For  instancCi  on  replacing  in  the  formula  of  water  -n-  >  0,  an  atom 

of  hydrogen  by  the  radicle  ethyl  CH^  we  obtained  the  formula  of 
alcohol 

AIcoboL 

which  contained  an  atom  of  typical  hydrogen. 

Such  was  the  theory  of  types  in  the  largest  acceptation  of  the  word. 
We  do  not  hesitate  to  say  that  it  served  its  time.    AVhat  can  it  explain  ? 
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Either  a  type  merely  expresses  a  general  system  of  reactions  and  serves 
only  to  show  more  clearly  the  relations  which  exist  between  several 
bodies — in  this  case  it  is  a  mechanical  means  which  renders  service, 
but  which  has  no  pretence  to  be  raised  to  the  rank  of  a  theory ;  or, 
secondly,  a  type  pretends  to  unite  in  one  category  a  series  of  two 
bodies  fabricated  on  the  same  model,  and  in  this  case  it  would,  as 
M.  Eolbe  remarks,  be  absurd  to  suppose  that  nature  is  limited  to  four 
general  plans  within  which  all  bodies  can  be  classed ;  or,  finally,  types 
represent  the  three  first  degrees  of  condensation  of  matter. 

This  is  the  opinion  which  has  been  finally  adopted  by  M.  Wurtz. 
But  it  is  not  difficult  to  perceive  that  in  this  case  Glerhardt's  types  are 
insufficient  As  many  would  be  required  as  there  are  different  atomi- 
cities ;  and  as  the  condensation  of  polyatomic  radicles  may  give  rise  to 
new  radicles  of  a  very  high  atomicity,  the  number  of  types  may  become 
indefinite. 

Moreover,  already  the  problem  proposed  to  be  solved  has  changed. 
The  question  no  longer  is  to  classify  reactions,  but  to  determine  the 
intimate  structure  of  the  molecule  by  establishing  in  what  manner  the 
atoms  are  bound  together.  Chemistry  has  already  been  able  to 
approach  this  problem,  and  in  many  cases,  more  particularly  in  organic 
chemistry,  has  been  able  to  solve  it  Our  rational  formulas,  therefore, 
no  longer  represent  types  of  double  decomposition ;  they  aim  at  indicat- 
ing the  bonds  which  exist  between  the  different  atoms  constituting  a 
molecule. 

To  understand  these  formulas,  however  complicated  they  may  be,  it 
suffices  to  know  that  the  polyatomic  radicles  which  are  on  one  side  of  the 
bracket  serve  to  join  the  radicles  of  different  atomicity  which  are  on 

the  other  side.    Thus  the  formula      g  [  0  signifies  that  in  alcohol 

5  atoms  of  hydrogen  are  directly  united  with  the  carbon,  while  the 
sixth  atom  is  only  joined  to  it  by  the  medium  of  the  oxygen.     The 

C[H- 

same  fact  may  be  expressed  by  the  more  complicated  formula  I  <  H* 

ClOH 
The  choice  of  the  rational  formula  depends  on  what  we  want  to 
indicate.  In  many  cases  the  old  typical  formulas  are  sufficient.  Some- 
times formulas  of  the  kind  just  given  better  show  the  constitution  and  the 
system  of  reactions  of  a  body ;  but  in  this  case  it  is  usually  preferable 
to  employ  M.  K^kul^'s  signs,  by  means  of  which  confusion  is  more 
surely  avoided.  Let  us  suppose  that  we  wish  to  give  the  rational 
formula  of  ethyl-crotonic  acid  C*H*W;  it  may  be  written  in  various 
ways,  among  which  two  will  seem  different,  but  in  reality  they  indi- 
cate the  same  body.     These  are  the  formulas  * 


C»H 


Aff 


and  C  <  C«H*" 


O  .    ^ 

OH  C/  ^ 

OH 
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which,  giyen  symbolically,  take  the  following  form : 


ojije  0 


W. 


e 


0 


HH  ^ 


®fH 


0 


We  will  use  all  these  methods  of  materializing  (so  to  speak)  our 
thoughts,  adopting  in  each  case  that  which  appears  the  most  simple 
and  at  the  same  time  the  most  capable  of  being  understood. 

With  the  theory  of  types,  it  would  seem  logical  to  abandon  the 
words  typical  hydrogen,  typical  oxygen,  typical  nitrogen,  etc.  Never- 
theless, we  will  retain  it,  because  it  is  useful  to  designate  important 
fftcts. 

We  have  said  that  in  rational  formulas  polyatomic  radicles  placed 
by  the  side  of  a  bracket  serve  to  join  those  placed  on  the  other  side, 

and  we  have  given,  as  example,   the  formula  of  alcohol       tt   >0, 

which  indicates  that  the  hydrogen  Ha  differs  from  that  which  forms 
part  of  the  group  G'H'  in  that  it  is  only  joined  to  the  carbon  by  means 
of  the  oxygen.  In  whatever  way  the  formula  of  alcohol  may  be 
written,  this  fact  remains  the  same ;  and  it  is,  therefore,  useful  to  pos- 
sess a  word  to  distinguish  this  atom  of  hydrogen  Ha  from  all  the 
others.  The  word  typical  hydrogen  having  been  employed  up  to  the 
present  time  in  this  acceptation,  we  will  retain  it. 

It  is  the  same  with  oxygen  and  nitrogen  :  we  call  these  bodies 
typical  in  every  case  where,  instead  of  being  united  by  all  their 
centres  of  attraction  to  the  same  polyatomic  radicle,  they  are  united 
by  each  of  these  centres  to  different  radicles  which  they  serve  to 
join. 
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When  sodium  or  potassium  is  made  to  act  on  the  hydrogen  com- 
pounds of  chlorine,  bromine,  iodine,  or  fluorine,  or  on  ihe  more  compli- 
cated hydrogen  compounds  which  contain  oxygen  or  one  of  its  congeners 
(sulphur,  selenium,  tellurium),  it  always  happens  in  the  case  of  chlorine, 
bromine,  iodine,  or  fluorine,  and  often  in  that  of  oxygen  or  analogous 
compounds,  that  the  metal  partially  or  wholly  displaces  the  hydrogen. 
This  gas  then  becomes  disengaged  in  a  free  state,  and  the  metal  takes 
its  place. 

This  reaction  is  easily  produced  with  water.  Submitted  to  the 
action  of  sodium,  this  liquid  exchanges  a  moiety  or  the  whole  of  its 
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hydrogen  for  the  metal,  giving  Hodic  hydrate  or  anhydrous  oxide  of 
sodium. 


Water. 

H 
H 

Water. 


Hjdrogeu. 


(° 


Na] 

Naf 

Sodium. 


Sodio-hydrate. 

SI" 

Anhydroos  oodde 
of  Bodlnxn. 


Hf 


Hydrogen. 


We  may  here  observe  that  all  the  bodies  which  result  from  the 
substitution  of  a  metal  for  the  half  of  the  hydrogen  of  a  molecule  of  water, 
or  of  several  molecules  of  water  united,  bear  the  name  of  hydrates. 

The  reaction  of  alkaline  metals  (potassium,  sodium,  etc.)  on  hydro- 
gen compounds  is  too  general  to  serve  as  basis  for  any  classification 
whatever ;  but  the  replacing  of  hydrogen  by  one  of  these  metals  takes 
place  in  certain  cases  by  another  less  general  process,  which  in  conse- 
quence may  become  a  means  of  classification. 

We  may  replace  the  hydrogen  of  hydrochloric  acid  by  sodium, 
making  the  metal  act  directly  on  this  acid — 


(SO 

Hydrochloric 
add. 


Sodium. 


(S*0 

Chloride  of 
fiodiom. 


I 


Hydrogen. 


but  we  can  also  arrive  at  the  same  result  by  making  hydrochloric  acid 
act  on  the  hydrate  of  sodium.  A  double  decomposition  then  takes 
place,  in  which  chloride  of  sodium  and  water  are  formed — 


Hydrochloric 
add. 


+ 


Na) 


H 

Hydrate 
of  sodium. 


0     = 


Chloride 
of  sodium. 


+ 


H 
H 

Water. 


(0 


All  bodies  which,  on  contact  with  metallic  hj'drates,  have  the  property 
of  undergoing  a  double  decomposition,  in  which  the  hydrogen  which 
they  contain,  or  at  least  a  part  of  it,  is  replaced  by  a  metal  at  the 
same  time  that  water  is  formed,  have  received  the  general  name  of 
acids. 

Acids  are,  therefore^  hydrogen  compounds,  of  which  the  hydrogen  may  he 
tohoUy  or  partly  repUtced  hy  metals,  hy  means  of  double  decomposition  with  the 
help  of  metallic  hydrates,  Thdr  repUbcedkle  hydrogen  takes  the  nam^  of  basic 
hydi'ogen. 

The  hydrates  which  possess  the  property  of  producing  double 
decomposition  with  the  acids  have  received  the  generic  name  of  bases. 

Bases,  therefore,  are  hydrates  of  metcds,  or  compound  radicles,  capable  of 
exchanging  their  metal  or  their  radicle  for  tite  hydrogen  of  adds  hy  means 
of  double  decomposition. 

We  have  seen  that  when  we  subtract  from  a  compound  body  one 
or  more  of  the  atoms  which  constitute  it,  the  residue  may  be  consi- 
dered as  a  radicle  of  precisely  equal  atomicity  to  the  sum  of  those  of 
the  atoms  eliminated. 
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If,  therefore,  an  acid  contains  one  or  more  atoms  of  basic  hydrogen, 
and  it  be  made  to  lose  this  hydrogen,  the  residue  will  act  as  a  radicle 
of  atomicity  equal  to  the  number  of  atoms  of  hydrogen  lost  by  the  acid. 

As  an  example,  let  ns  take  sulphuric  acid  SOH*.  If  H*  be  taken 
from  it,  the  residue  SO*  will  act  as  a  biatomio  radicle.  Again,  in  nitric 
acid  NO'H,  on  taking  away  H,  we  have  the  residue  NO',  which  will 
act  as  a  monatomic  radicle.  So  also  in  water  IPO,  if  we  suppress  one 
atom  of  hydrogen,  we  have  the  monatomic  residue  OH.  M.  Oannizzaro 
proposed  giving  to  these  different  residues  the  name  of  halogen  residues. 
SO*  would  then  be  the  halogen  residue  of  sulphuric  acid,  NO*  that  of 
nitric  acid,  OH  that  of  water.  The  «ime  chemist  recently  proposed  to 
give  to  this  latter  residue  the  special  name  of  hydroxyl,for  convenience 
in  speaking.  In  this  case  the  hjdrogen  compounds  of  chlorine  and  its 
congeners,  and  the  halogen  residues  are  simple  halogen  bodies. 

This  being  premised,  let  us  again  consider  the  double  decomposition 
which  takes  place  between  an  acid  and  a  base,  say,  between  hydrate  of 
potassium  and  nitric  acid — 

NO»H       +      KOH       =       NO'K      +      HOH 

Nitric  Hydrate  of  Nitnteof  Water, 

acid.  potatsiom.  potawimn. 

We  there  see  that  nitric  acid  loses  its  hydrogen  H,  and  the  base 
its  metal  K ;  there  are,  therefore,  four  residues  :  on  one  side  the  halogen 
residue  NO'  of  the  nitric  acid,  and  the  potassium;  on  the  other 
hydroxyl  OH,  and  hydrogen.  The  two  first  of  these  residues  unite  to 
form  nitrate  of  potassium,  and  the  two  latter  combine  to  form  water. 

It  can,  therefore,  be  said,  either  that  the  nitrate  of  potassium 
results  from  the  substitution  of  potassium  for  the  basic  hydrogen  of 
the  nitric  acid,  or  that  this  body  results  from  the  substitution  of  the 
halogen  residue  of  the  nitric  acid  for  the  oxhydryle  which  the  hydrate 
of  potassium  contained. 

The  compounds  which  result  from  the  reaction  of  acids  on  bases  have 
received  the  name  of  salts. 

Salts  may  be  thus  defined :  products  which  result  from  the  substUuHon  of 
metals  for  the  hade  hydrogen  of  acids;  or  products  which  result  from  the  sub- 
slittUion  of  the  halogen  residue  of  acids  for  the  oa^ydryle  of  bases. 

Besides  the  reciprocal  action  which  they  exercise  on  each  other,  aud 
which  serves  to  characterise  them,  soluble  acids  and  bases  have  proper- 
ties which  enable  them  to  be  readily  recognised. 

Soluble  acids  have  a  sour  taste,  and  possess  the  property  of  changing 
the  blue  colour  of  litmus  to  red.  Soluble  bases,  on  the  contrary,  have 
an  astringent  taste,  and  bring  back  to  blue  the  litmus  reddened  by  an 
acid.     The  action  of  acids  and  bases  on  litmus  is  explained  as  follows : 

Litmus  contains  a  blue  organic  salt,  the  lithmate  of  lime.  When  we 
substitute  for  the  calcium  in  this  body  any  metal  whatever,  the  blue 
colour  of  the  compound  remains.  But  if  the  element  substituted  be 
hydrogen,  the  coloured  body,  which  then  takes  the  name  of  lithmic  acid, 
becomes  red. 
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The  halogen  residue  which,  in  the  lithmate  of  lime,  is  combined 
with  the  calcium,  and  which  in  lithmic  acid  is  united  to  the  hydrogen, 
possesses  affinities  so  feeble  that  it  can  easily  be  displaced  by  the  halogen 
residue  of  all  the  other  acids,  even  the  weakest.  Then  tbe  litmus 
returns  to  red  under  the  influence  of  the  acids. 

On  the  contrary,  if  we  cause  a  base  to  act  on  the  reddened  litmus, 
that  is  to  say  on  the  lithmic  acid,  a  metallic  lithmate  is  formed  which 
is  blue,  and  tbe  litmus  regains  its  original  colour. 


CONSTITUTION  OF  SALTS. 

Philosophically,  acids  and  bases  ought  to  be  considered  as  salts.  Let 
us  take  the  last,  for  example :  it  is  clear  that  nitrate  of  potassium  is 
analogous  in  its  constitution  to  nitric  acid  and  hydrate  of  potassium  ; 
it  only  differs  from  the  latter  in  that  it  contains  the  halogen  residue  of 
an  acid  instead  of  that  of  water,  and  it  differs  from  the  first  in  that  it 
contains  potassium  instead  of  hydrogen,  as  the  electro-positive  element. 
Acids,  therefore,  are  salts  which  contain  hydrogen  instead  of  a  metal, 
as  their  electro-positive  element ;  and  bases  are  salts  which  contain 
hydroxyl  instead  of  the  halogen  residue  of  an  acid. 

Salta  are  divided  primarily  into  two  classes,  of  which  the  first  con- 
tains binary  salts  ;  tiiese  are  the  metallic  chlorides,  bromides,,  iodides, 
and  fluorides :  they  have  been  called  by  Berzelius,  haloid  salts.  The 
second  class  contains  the  oxy-salts.  Each  of  these  latter  contains  at 
least  three  elements.  Although  the  binary  theory  of  saUa,  from  which 
this  classification  originated,  is  no  longer  believed  in,  yet  the  classifi- 
cation itself  is  found  exceedingly  convenient,  and  therefore  is  retained. 


CONSTITUTION  OF  HALOID  SALTS. 

The  constitution  of  haloid  salts  is  so  simple  that  it  need  not  detain 
us  long.  These  result  in  fact  from  the  juxtaposition  of  two  monatomic 
radicles.  Hydrochloric  acid  and  chloride  of  potassium  may  be  repre- 
sented as  follows : — 

®  e  e  ® 

H  Cl  K  CI 

but  the  constitution  of  these  salts  becomes  more  difficult  to  explain 
when  they  combine  to  form  double  salt«,  as  the  double  chloride  of 

silver  and  sodium  rf  >  p?  [ 

Then,  the  four  bodies  being  monatomic,  we  do  not  see  what  unites 
the  saturated  molecule  of  chloride  of  silver  to  the  equally  saturated 
molecule  of  sodic  chloride. 

M.  K^kul^,  to  explain  this  fact,  supposes  that  there  exists  in  che- 
mistry combinations  of  two  ordere.     According  to  him,  the  true  che- 
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mical  combinations  formed  by  the  union  of  atoms  must  not  be  con- 
founded with  the  combinations  which  result  from  tlie  union  of  several 
molecules,  and  to  which  M.  K^kuU  gives  the  name  of  molecular  com- 
binations. This  theory  admitted,  we  explain  by  it  the  double  haloid 
salts,  by  supposing  that  they  result  from  the  junction  of  two  distinct 
molecules. 

The  fact  of  such  molecular  combinations  cannot  be  doubted.  The 
existence  of  water  of  crystallization  (see  Water  of  Crystallization) 
proves  it  abundantly ;  but  when  we  consider  that  these  combinations 
almost  always  assume  either  a  solid  or  a  liquid  state,  it  is  difficult  to 
see  how  the  chlorides  can  possess  such  a  constitution.  M.  Deville  has, 
in  £EU)t,  obtained  double  chlorides  which  distil  regularly  at  a  very  high 
temperature. 

According  to  my  ideas,  this  is  how  we  may  explain  the  existence  of 
these  bodies.  Though  oidinanly  monovalent,  iodine  has  an  atomicity 
really  equal  to  3.    This  is  deduced  from  the  existence  of  chloride  of 

f  OC«H«0 
iodine  ICP  and  of  a  compound  I  <  OC*H*0  obtained  by  M.  Sohiitzen- 

i  0C*H»0 
berger,  and  which  results  from  the  substitution   of  three  atoms  of 
oxacetyl  for  three  atoms  of  chlorine  of  the  chloride.     Being  triatomic, 
iodine  may  sometimes  act  with  a  quanti valence  equal  to  three,  and  then 
the  double  iodides  are  easy  to  explain.     The  bond  between  the  two 

molecules  is  the  triatomio  iodine.    The  formula       ji  [  2  (   j  [ )  o^  the 

double  iodide  of  mercury  and  potassium  may  be  vmtten  in  conformity 

with  this  theory      S,  >  I*,  and  it  may  be  explained  by  the  following 

symbolical  figure : — 

I  I        K  K 

(I    i    I  ^rr    I    n nn  ® 

ci — DCf—J—T^C  I     i     n 

Hg"        I  I 

This  admitted,  chlorine,  bromine,  and  fluorine  have  the  greatest 
analogy  with  iodine.  Though  in  all  cases  positively  known  these 
bodies  are  monovalent,  it  may  nevertheless  be  supposed  that  they  have 
a  real  atomicity  equal  to  3,  and  that  this  atomicity,  which  is  nowhere 
else  manifested,  shows  itself  in  the  double  chlorides,  bromides,  and 
fluorides.  These  salts  will  then  answer  to  formulas  analogous  to  those 
we  have  given  for  the  iodide  of  potassium  and  mercury.  Thus  the 
double  chloride  of  silver  and  sodium  may  be  represented  by  the  fol- 
lowing figure  :— 

CI       Ag 

GEZrzPd) 
(DCHZEZD 

Na       CI 

This  theory  of  double  haloid  salts,  though  not  established  by  strict 
proofe,  seems  to  me  to  be  preferable  to  that  given  by  M.  Eekul^. 
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CONSTITUTION  OP  OXY-SALTa 

These  salts  contain  never  less  than  three  elements,  and  sometimes 
more :  it  will  be  sufficient  if  we  establish  the  constitution  of  ternary- 
salts  ;  those  salts  which  contain  four  elements  and  more  resembling 
them  precisely. 

Ternary  salts  always  contain  among  their  elements  either  oxygen 
or  one  of  its  congeners.  A  part  at  least  of  this  oxygen  (or  its  con- 
gener) serves  to  unite  the  metal  to  the  other  simple  body  or  compound 
radicle  which  the  salt  contains,  and  this  union  requires  as  many  atoms 
of  oxygen  as  there  are  atoms  of  metal. 

Thus  sulphuric  acid  SO*H«  ought  to  be  written  SO*"  |  ^H  *^  ^^^^'^ 

cate  that  H*  are  united  to  the  group  SO*"  by  the  medium  of  two  atoms 

of  oxygen ;    carbonate  of  potassium  CO'K*  ought  to  be  CO"  I  95  to 

show  that  it  is  by  the  medium  of  the  oxygen  that  CO"  is  joined  to  K". 

The  following  figures  render  this  constitution  easy  to  be  under- 
stood : — 


Hepi         fl®H 


^ 


KePoooPeK 

c 

SO*.H«  CO».K« 


But  it  is  not  i^fficient  to  affirm  that  in  salts  the  metal  is  united  to 
the  metalloid  by  the  medium  of  oxygen  or  of  one  of  its  congeners,  an 
experimental  demonstration  must  be  given  of  this  fact,  and  the  most 
conclusive  is  the  acjbion  which  perchloride  of  phosphorus  (PCP)  exer- 
cises on  the  acids  and  oxygenized  bodies  in  general. 

This  action  consists  in  the  perchloride  of  phosphorus  taking  an  atom 
of  oxygen  to  foim  oxy-chloride  of  phosphorus  (PC1*0),  while  the  two 
atoms  of  chlorine,  abandoned  by  the  perchloride,  are  substituted  for 
the  atom  of  oxygen  which  the  oxygenized  body  has  lost^ 

(C'H*0)       +       (PCI")       =       (PCPO)       +       (C'H^CP) 

Aldebyd.  Perchloride  Oxycbloride  Chloride  of 

of  phospborns.  of  phosphorus.  Ethylene. 

Every  time  that  oxygen,  which  is  biatomic,  has  its  two  centres  of 
affinity  saturated  by  one  radicle  it  is  evident  that  the  two  atoms  of 
chlorine  take  its  place ;  that  is  to  say,  they  combine  with  this  i-adicle, 
forming  a  single  compound,  as  in  the  example  just  given. 

If,  on  the  contrary,  the  oxygenized  compound  contains  two  radicles 
united  by  the  medium  of  the  oxygen ;  that  is  to  say,  if  each  of  the  two 
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centres  of  affinity  of  the  oxygen  is  united  to  a  different  radicle,  as  in 
the  acetate  of  potassium  (C'H^fo) 


C  0       0 

CI    i    i    rxT — nn-rr) 


when  chlorine  is  suhstitnted  for  the  oxygen,  these  two  radicles 
separate,  the  monatomic  chlorine  not  being  able  to  unite  them  as  did 
the  biatomic  oxygen.  Then  we  obtain  two  different  chlorinated  bodies, 
or  two  molecnles  of  the  same  chlorinated  body,  if  there  is  identity 
between  the  two  radicles  combined  with  the  oxygen. 

r^^}  o)  +  (PCP)  =  (Pci-0)  +  Q,})  +  («^S)} 

Acetate  of  Perchloiide  Oxychloride  Chloride  Chloride 

potaorium.  ofpboqtbonu.      of  phosphoriu.  of  potaasiDiiL  of  acetyl. 

The    following  symbolical    designs   show    clearly    the    difference 
between  the  two  reactions  which  we  have  given  as  examples. 
Ist.  Example : — 

C  0     H  ^-^SL^ 

(•     ■     LLXi — n(i)       ,       0  0  0®® 

®  0  a)ci    1^1  -n    "T*    ( i    i    T    i  -n 


H 


PCI 


5 


0  C          ^  H 

—    0  0  0CTrD  L.  cTznmx)®  0  0 

~"    ( ■     *     II     I  :>  ^      000  Ci      II      i^ 

A  XT                         O 


2nd.  Example : — 
H 


H 
PCTO  CH^CP 


0  0  0       0     Q 

(i    i    I    nn — ncrm 


CI 


+ 


0 

0 

0 

0 

0 

Cl_ 

P 

1 

r 

1 

.L) 

CHK)  I Q  p^p 

O  K  C  O    CI 

(!)  0  0crzD    I    ®    4-  CL-i_rzDGrro 0 

—      aZHZJUTZT)     "T-     0     ^      0    0    (DCI      11   T^ 

F  Cl  ^— yp       U 

PCTO  KCl  C*H»0C1 

It  is  clear  that  if  in  the  compound  (^        K  I  ^'' ) 

C  0         Oa 

(i    I    i— r)(i    i)(i    n 

0  0  0Ct     II    ID® 
two  atoms  of  chlorine  were  substituted  for  the  atom  of  oxygen  a  which 

E 
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unites  the  potassium  E  to  the  group  (C'H'O),  the  molecule  would  be 
found  represented  by  the  following  figure  : 

C  O     CI  CI 

(©   ®   (TX  I     I     i     I  ^   ® 

C  K 

This  figure  shows  that  the  atom  of  chlorine  and  the  atom  of  potas- 
sium which  are  on  the  right,  not  being  joined  to  the  remainder  of  the 
molecule,  ought  to  be  separated  from  it.   This  is  what  really  takes  place. 

The  reaction  which  the  perchloride  exercises  on  oxy-salts  shows 
that  these  bodies  always  contain  at  least  two  simple  or  oompoimd 
radicles  united  by  means  of  oxygen.  Of  these  radicles,  the  one  which 
has  no  metallic  properties  takes  the  name  of  the  acid  radicle.  These 
radicles  generally  receive  names  which  are  foimed  b}''  substituting  the 
termination  yl  in  place  of  the  terminations  of  the  generic  names  of  the 
salts  of  which  they  form  a  part.  Thus  the  acid  radicle  (C*H*0)  which 
acts  in  the  acetates  has  received  the  name  of  acetyl. 

The  halogen  residues  of  acids  are  only  the  ittdicles  of  these  acids, 
plus  the  oxygen  destined  to  unite  these  radicles  to  the  metals.  In 
each  case  they  receive  a  particular  name,  which  is  made  by  prefixing 
oxy  to  the  name  of  the  radicle  which  the  halogen  retjidue  contains. 

Thus  the  radicle  (C'H'O)  of  acetates  joined  to  0  forms  the  halogen 
residue  of  acetic  acid  (C*H*00),  the  radicle  (C*H*0)  having  received 
the  name  of  acetyl,  the  halogen  residue  (C'H'OO)  is  called  oxyacetyl, 
or  more  simply  oxacetyl. 


NEUTRAL,  ACID,  BASIC,  AND  DOUBLE  SALTS. 

When  the  radicle  of  an  acid  is  monatomic,  a  single  atom  of  hydrogen 
may  be  united  to  it  by  the  medium  of  oxygen.  The  acid  which  is 
derived  from  this  radicle  then  contains  a  simple  molecule  of  hydroxy  1, 
and  is  called  monatomic.  When,  on  the  contrary,  the  radicle  of  an  acid 
is  polyatomic,  each  of  its  free  centres  of  attraction  is  saturated  by  hy- 
droxyl  OH,  the  aoid  then  contains  a  number  of  molecules  of  hydroxyl 
equal  to  that  which  indicates  the  atomicity  of  the  radicle,  it  is  called 
polyatomic,  and  the  degree  of  its  atomicity  is  determined  by  the 
number  of  molecules  of  hydroxyl  which  it  contains. 

Acetic  acid(C«H»0),  (OH)  is  monatomic,  sulphuric  acid(^SO*"|Q]^) 

biatomic,  phosphoric  acid  I  PO"'  <  OH  )  triatomic,  etc 

lOH/ 

It  is  the  same  with  bases.  If  a  metal  is  monatomic,  it  can  only 
fix  a  single  halogen  residue  of  water ;  if  it  is  biatomic,  it  will  fix  two ; 
if  triatomic,  three,  and  so  on.  In  the  first  case,  bases  are  called  mona- 
tomic, and  in  the  others  polyatomic.  Here  again  the  degree  of  their 
atomicity  is  determined  by  the  number  of  molecules  of  hydroxyl  which 
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they  contain.    Thus  the  hydrate  of  potassium  (KOH)  is  monatomic, 


the  hydrate  of  barium  (  Bu"  <  qjt  )  biatomio,  ferric  hydrate  f  Fe* 

hezatomic,  etc. 

Thei>e  denominations  are  evidently  bad.  We  have  seen  that  the 
words  mono,  bi,  tri,  atomic  have  quite  another  meaning.  It  would 
be  much  better,  as  M.  Eogoisky  advised,  to  call  acids  and  bases  mono> 
bi,  tri,  hydiique,  to  express  how  many  halogen  residues  of  water 
on  these  bodies  contain.  Nevertheless,  the  words  mono,  bi,  tri, 
atomic  being  so  univerally  used,  we  must  conform  to  the  usage,  but 
must  point  out  that  it  is  very  impoi*tant  not  to  confound  the  two  mean- 
ings attributed  to  the  word  atomicity.  This  confusion  is  easy  to  avoid 
because  one  of  the  acceptations  of  the  word  is  only  applied  to  radicles, 
while  the  other  applies  to  the  molecules  which  contain  hydroxyl. 

In  an  acid,  the  hydrogen  of  the  hydroxy!,  otherwise  called  typical 
hydrogen,  can  be  wholly  or  partially  replaced  by  a  positive  radicle.  When 
the  hydrogen  is  wholly  replaced,  the  salts  are  called  neutral,  because 
they  no  longer  posi?e8S  any  of  the  properties  which  characterize  acids. 

\N  hen  the  typical  hydrogen  is  only  partially  replaced,  the  salts  which 
ai-e  formed  still  retain  acid  properties,  and  are  therefore  called  cudd 
9ah8, 

Thus,  in  sulphuric  acid  (  SO*"  <  qtt  ),  an  atom  of  a  metal  can  be  substi- 
tuted fur  an  atom  of  hydrogen,  or  two  atoms  of  a  metal  for  two  atoms 
of  hydrogen. 

The  salt  which  is  obtained  in  the  first  case  ( SO*"  <  qjj  j  is  an  acid 

salt,  and  in  the  second  case  (  SO*"  <  q^  )  a  neutral  salt. 

AV  hatever  may  be  the  number  of  atoms  of  t^^pical  hydrogen  which 
an  acid  contains,  this  acid  can  never  give,  with  one  metal,  more  than 
one  neutral  salt,  while  the  number  of  acid  salts  that  it  can  form  is 
equal  to  the  number  which  expresses  its  atomicity,  less  one. 

Bases  also,  in  double  decompositions,  may  undergo  the  replacement 
of  the  whole  or  of  a  part  of  their  typical  hydrogen  by  the  radicle  of  an 
acid.  The  salts  which  result  are  neutral  when  the  whole  of  their 
typical  hydrc^en  is  thus  replaced ;  but  when  the  substitution  affects 
only  a  part  of  this  clement  the  salts  formed  retain  their  basic  pro- 
perties, and  arc  therefore  termed  basic  salts. 

Thus  in  hydrate  of  barium  (  Ba"  \  qtt  )  the  two  atoms  of  hydrogen 
may  be  replaced  by  the  radicle  of  acetic  acid,  acetyl  (C*H*'0);  the 
compound  (Ba"  |  )oC^"0))  ^^^°^  results  from  this  reaction  is  a  neu- 

K  2 
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tral  salt    But  acetyl  may  only  be  substituted  for  a  single  atom  of 

(\  OC*H"0\ 
Ba"  <  QXT        ). 

When  the  different  atoms  of  typical  hydrogen  of  acids  or  bases  are 
replaced  by  different  radicles,  the  salts  which  result  from  these  sub- 
stitutions are  called  double  salts. 

Sulphate  of  potassium  and  sodium  TSO*''  <  q^  j  is  a  double  salt 

It  would  be  the  same  of  a  body  which  should  have  for  formula 

Aoeto-nltntte  of  lead  (hypothetical). 

Certain  acid  or  basic  salts,  submitted  to  the  action  of  heat,  lose 
water  and  give  rise  to  new  salts,  which  used  to  be  called  anhydrous  acid 

aalis  or  ankydro-salU.    Thus  the  acid  sulphate  of  sodium  (SO*"  <  q^  \ 

when  heated,  loses  water,  and  gives  the  salt 


( 


SO*"|ONa 
SO«"{oN 


^a 


These  compounds,  as  we  clearly  see  from  the  discoveries  in  organic 
chemistry  made  by  M.  Wurtz  and  M.  LourenQO,  are  really  neutral 
salts  derived  from  particular  acids  or  bases  differing  from  those  which 

/S0»"  |ONa\ 
gave  origin  to  the  primitive  salts.    The  compound  (  >0      J,  for 

\S0* '  |0Na/ 

/SO«"(OH\ 
example,  is  derived  from  the  acid  (  >0     1. 

Certain  acids  have  this  remarkable  property,  that  all  their  atoms  of 
typical  hydrogen  cannot  bo  replaced  by  positive  metals.  Then  we 
say  that  their  basicity  is  less  than  their  atomicity,  and  the  number 
which  expresses  their  basicity  is  that  of  their  atoms  of  hydrogen 
capable  of  being  replaced. 

Lactic  acid  (CH^O"  <  on)  ^^^^^^'^  ^^^  atoms  of  typical  hydrogen ; 

it  is  therefore  biatomic.  But  only  one  of  these  atoms  of  hydrogen  can 
be  replaced  by  a  positive  metaL    This  acid  is  therefore  monobasic. 

When,  on  the  contrary,  the  whole  of  the  typical  hydrogen  of  an  acid 
can  be  exchanged  for  positive  metals  by  double  decomposition,  we  say 
that  its  basicity  equals  its  atomicity. 

Analogy  shows  us  polyatomic  bases  whose  typical  hydrogen  can  only 
be  partially  replaped  by  acid  radicles.    Then  we  say  that  their  acidity  is 


(b-ISI)  l 


less  than  their  atomicity.     A  base  ( B'"<  OH ),  in  which  H'  can  only  be 
replaced  by  negative  radicles,  will  be  triatomic  and  biacid. 
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When  salts  react  upon  each  other,  they  give  rise  to  double  decomposi- 
tionB  which  we  can  generallj  foresee  by  bearing  in  mind  the  two 
laws  which  we  are  going  to  explain,  and  the  discovery  of  which  is  due 
to  Berthollet. 

BerthoUet's  Iiaws.— When  we  canse  two  salts  to  react  (by  salts  we 
mean  both  acids  and  bases)  by  means  of  a  solvent,  if,  by  double  de- 
composition, a  new  salt  can  be  produced  less  soluble  than  those  which 
we  have  mixed,  this  salt  will  be  produced. 

When  we  apply  dry  heat  to  two  salts,  if,  by  double  decomposition,  a 
new  salt  can  be  produced  more  volatile  than  the  salts  previously  mixed, 
this  salt  will  be  produced. 

Eooample :  If  we  mix  a  solution  of  chloride  of  barium  (  Ba''<  ^  j  with  a 

(SO*" )  \ 
V  n  >  j,  as  a  double  decomposition  between 

these  bodies  would  produce  sulphate  of  barium  and  chloride  of  zinc, 
according  to  the  equation  : 

Chloride  Sulphate  Chloride  Sulphate 

of  barium.  ofzina  of  sine  of  barium. 

and  as,  farther,  the  sulphate  of  barium  is  insoluble,  the  double  decom- 
position takes  place. 

So,  if  we  heat  sulphate  of  ammonium  with  chloride  of  barium,  there 
will  be  produced  sulphate  of  barium  and  chloride  of  ammonium, 
on  account  of  the  volatility  of  this  latter  salt,  according  to  the 
equation : 

Sntphate  of  Chloride  Sulphate  Chloride 

ammonium.  oflMurium.  of  barium.  of  ammonium. 

The  following  is  the  explanation  of  these  two  laws : 
Every  time  that  two  salts  are  brought  together,  and  whatever  may 
be  their  solubility  or  their  volatility,  a  double  decomposition  takes 
place,  and  there  is  a  division  between  the  negative  radicles  and  the 

positive  radicles.  Thus,  if  we  cause  sulphate  of  sodium  ( SO'"<q-j^  j 
to  react  with  chloride  of  potassium  (  pi  [  )i  there  is  produced  a  mixture 
of  these  two  salts,  giving  sulphate  of  potassium  ( S0^'<  q^\  and  chlo- 
ride of  wdiuin  (  pw  )• 

Sulphate  of  Chloride  of 

■odium.  potaarinm. 

-K{8l)  +  Ki8S:)+^(&})  +  Kcr}> 

Sulphate  Sulphate  Chloride  Chloride 

ofputaeatum.  ofaodinm.  ofpotaaKium.  ofaodium. 
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Then  if  all  these  new  salts  are  soluble  they  will  remain  in  solution ; 
and  unless  they  have  different  colours  from  the  primitive  ones,  there 
will  be  nothing  perceptible  to  indicate  the  change  which  has  taken 
place.  It  will  be  the  same  if  we  operate  by  means  of  dry  heat,  and 
all  the  products  are  fixed.  But  if  one  of  the  salts  be,  in  the  first  case, 
insoluble,  or  in  the  second  volatile,  it  will  be  precipitated  or  evaporate, 
and  the  equilibrium  will  be  destroyed,  as  one  of  the  terms  which 
should  serve  to  constitute  it  will  be  wanting.  A  second  division  will 
occur  between  the  elements  which  remain ;  the  new  quantity  of  in- 
soluble or  volatile  salt  will  in  its  turn  be  eliminated.  A  third  division 
succeeds  to  the  second,  and  the  process  will  continue  until  the  whole 
of  the  radicles,  which  by  their  union  formed  an  insoluble  or  volatile 
salt,  are  eliminated. 

According  to  M.  Malaguti,  when  a  division  between  two  different 
salts  thus  occurs,  the  quantities  of  salts  which  are  formed  are  not 
equivalent  to  each  of  the  primitive  ones,  but  seem  to  be  proportional 
to  the  force  with  which  their  elements  are  capable  of  entering  into 
combination. 

For  example,  if  we  have  two  salts,  one  of  which  is  formed  by  the  union 
of  the  electro-positive  radicle  A  with  the  electro-negative  radicle  B,  and 
the  other  by  the  combination  of  the  electro-negative  radicle  B  with 
another  electro-positive  radicle  A',  the  force  with  which  the  radicle  A  is 
capable  of  uniting  with  the  radicle  B  being  to  that  of  the  radicle  A'  as 
3  :  2,  the  quantities  of  A-}-B  and  A'  -fB  which  arise  will  also  be  as  3  :  2. 

Let  us  suppose  that  we  mix  100  molecules  of  acetate  of  barium 

/        ( OC*H*0\ 

f  Ba"  <  Qpt fpQ )    a^id    100    molecules    of   neutral    nitrate    of    lead 

(  Pb"  <  ONO*)*  ^®  shall  see  by  experiment  that  a  double  decompo- 
sition takes  place  between  77  molecules  of  each  of  these  salts,  lliis 
number  77,  which  expresses  the  molecular  quantity  of  the  two  salts 
which  mutually  decompose,  is  called  the  coefficient  of  decomposition 
of  the  two  saline  bodies. 

If  we  reverse  the  preceding  experiment ;  that  is  to  say,  if  we  mix 

100  molecules  of  nitrate  of  barium  ( Ba"  <  oNOv  *^^  ^^^  molecules 

of  acetate  of  lead  (?\)"  |  qq!^«0  I  °"^^  ^^  molecules  of  each  kind  will 

undergo  decomposition.  This  figure  22  will  be  the  coefficient  of  de- 
composition of  the  two  new  saline  bodies.  As,  added  to  the  preceding, 
it  gives  100,  we  conclude  that,  whatever  may  be  the  two  bodies 
reacting  on  each  other,  the  proportions  of  the  salts  which  arise  from  the 
reciprocal  exchange  of  the  radicles  will  be  invariably  the  same.  We 
express  this  fact  as  follows : 

The  coefficients  representing  the  quantities  of  salts  decomposed  in  two  saline 
couples  containing  the  same  radicles  grouped  in  inverse  order^  are  complex 
tnentary. 
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Action  of  Electricity  on  Salts. — When  a  current  of  eleotricity  is 
powerful  enough  to  decompose  a  salt,  the  electro-positive  element  goes 
to  the  negative  pole  and  the  negative  group  goes  to  the  positive  pole. 

If  we  submit  sulphate  of  copper  (SO*''Cu")  to  the  action  of  a  current, 
the  metallic  copper  will  be  deposited  at  the  negative  pole,  while  the 
group  SO*"  goes  to  the  positive  pole  decomposing  the  water  by  taking 
its  hydrogen  to  reform  the  sulphuric  acid  (SO*"H*)  while  the  oxygen 
is  set  free. 

In  the  case  of  the  salts  of  potassium  or  sodium,  the  fact  is  more  diffi- 
cult to  state ;  the  metal  set  free  decomposing  the  water  giving  hydrate 
of  potassium  (KHO)  and  free  hydrogen.  Thus,  when  we  decompose  the 

sulphate  of  potassium  (  SO*"]  qtt  \  we  find  at  the  positive  pole  oxygen 

and  sulphuric  acid,  as  in  the  preceding  case  ;  but  at  the  negative  pole, 
we  collect,  instead  of  the  metal,  hydrate  of  potassium  and  hydrogen. 

Chemists  formerly  attributed  the  oxygen  and  hydrogen  disengaged  in 
this  reaction  to  the  decomposition  of  water.  As  to  the  salt,  they  sup- 
posed it  to  be  decomposed  into  sulphuric  anhydride  (SO')  and  oxide 
of  potassium  (K'O),  bodies  which,  when  joined  to  water,  form  hydrated 
sulphuric  acid  and  hydrate  of  potassium. 

The  following  experiment  has  condemned  this  interpretation,  and 
shows  that  the  facts  occur  as  we  have  already  indicated. 

Place  a  concentrated  solution  of  sulphate  of  potassium  (  S0""<  q^\ 

over  mercury,  and  cause  a  strong  current  to  pass  through  this  liquid, 
taking  care  that  the  negative  wire  is  plunged  into  ihe  mercuiy.  The 
pota&sium  set  free  then  combines  with  this  latter  metal,  and  the  amal- 
gam formed  not  being  acted  on  by  water,  as  is  the  pure  potassium, 
after  some  time  we  can  collect  a  certain  quantity  of  this  body  by  eva- 
porating the  mercury. 

The  phenomenon  is,  therefore,  the  same  as  that  produced  with  the 
sulphate  of  copper,  and  the  apparent  difference  of  the  result  is  only 
owing  to  the  secondaiy  action  which  the  alkaline  metal  exercises  on 
water. 


NOMENCLATURE. 

Chemical  nomenclature  originated  at  the  close  of  the  last  century. 
The  first  system  was  proposed  by  Guy  ton  de  Morveau,  and  the  defini- 
tive nomenclature  was  resolved  upon  by  a  commission  of  which 
Lavoisier  formed  one. 

Nomenclature  having  arisen  at  an  epoch  when  organic  chemistry  was 
almost  entirely  unknown,  it  only  applies  to  mineral  compounds,  or 
rather,  if  it  be  applied  to  the  combinations  which  organic  radicles  form, 
the  names  of  these  radicles  are  fixed  in  an  entirely  arbitrary  manner. 

Nomenclature  does  not  express  in  mineral  chemistry  all   that  we 
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ought  to  expect  of  it.     A  great  number  of  facts  discovered  since  its 
origin  render  it  incomplete. 

We  wiU  here  explain  what  it  is,  making  our  explanation  as  much  as 
poasible  in  harmony  with  the  theories  professed  by  the  majority  of 
chemists  at  the  present  time. 

li'ameB  of  Simple  Bodies. — ^The  names  of  simple  bodies  are  absolutely 
arbitrary.  To  designate  these  bodies  we  generally  choose  words 
which  refer  to  some  of  their  properties.  Bromine  comes  from  the 
Greek  ppiofw^,  a  '*  stench ;"  iodine,  from  lu^^  "  violet,"  on  account 
of  the  beautiful  violet  colour  of  the  vapour  of  this  metalloid. 

The  names  of  the  various  compound  bodies  are  usually  derived  from 
those  of  their  more  simple  components. 

Karnes  of  Binary  Compounds. — 1st.  OenercH  B,ule, — ^We  designate  by 
the  termination  uie  the  name  of  the  electro- negative  body  of  the  com- 
pound, and  follow  it  by  the  name  of  the  electro-positive  body.  Thus, 
a  compound  of  chlorine  and  iron  is  called  chloride  of  iron  ;  a  compound 
of  sulphur  and  copper,  mdphide  of  copper^  etc. 

To  this  first  rule,  which  enables  us  to  perceive  the  qualitative  com- 
position of  a  body  simply  from  the  inspection  of  its  name,  is  added 
another,  which  aims  at  making  known  its  quantitative  composition  also. 

If  an  electro-negative  element  be  monatomic,  we  place  before  the 
generic  name  of  the  compound  the  prefixes  monoy  U,  tri  or  ier^  tetra, 
sesqviy  etc. ;  mono,  if,  for  an  electro-positive  atom,  the  compound  con- 
tains a  single  electro-negative  atom ;  &t,  if  it  contains  two ;  iri,  if  it 
contains  three  ;  ietra,  if  it  contains  four ;  eeequi,  if  it  contains  three  for 
two  of  the  electro-positive  body.* 

Thus  the  compound  KCl  is  called  monochloride,  or  simply  chloride 
of  potassium ;  the  compound  Hg"Cl",  bichloride  of  mercury ;  the  com- 
pound Au'"Cl*,  torchloride  of  gold ;  the  compound  CC1\  tetrachloride  of 
carbon,  etc. 

If  the  electro-negative  body  be  biatomic,  we  place  before  the  generic 
name  of  the  compound  the  syllables  mono,  bt,  tri,  tetra,  sesqui,  etc. 

The  prefix  mono  is  employed  when  the  compound  contains  a  single 
atom  of  the  electro-negative  body,  either  for  one  of  the  electro-positive 
body,  if  this  has  an  even  atomicity,  or  for  two  if  it  has  an  uneven 
atomicity  ;  the  prefix  hi,  when  the  compound  contains  two  atoms  of  the 
electro-negative  body  for  one  of  the  electro-positive  body,  if  this  has 
an  even  atomicity,  or  for  two  if  it  has  an  uneven  atomicity,  etc. 

The  prefix  sesqui  is  applied  to  bodies  in  which,  for  two  positive 
atoms  of  even  atomicity,  or  for  a  double  number  of  positive  atoms  of 
uneven  atomicity,  there  are  three  negative  atoms. 

Lastly,  if  for  a  single  negative  atom  there  are  more  than  one  or  two 
positive  atoms,  according  to  the  atomicity,  the  name  of  the  compoimd 
ought  to  be  preceded  by  the  prefix  sub. 

*  Since  the  adoption  of  the  new  atomic  weights,  there  no  longer  exists  any  formula 
of  ibis  latter  kind,  it  haying  been  discovered  that  the  bodies  which  were  believed  to 
^•ave  such  formnln  pooess  a  dilTeient  constitution. 
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^.;  K'S  is  called  monosulphide  of  potassium. 
Na*S*      —    bisulphide  of  Bodium. 
Na*S*      —     trisulphide  of  sodium. 

Ba"S  is  monosulphide  of  barium. 
Ca"S' — ^bisulphide  of  calcium. 
Fe'S' — sesquisulphide  of  iron. 
Hg'S — subsulphide  of  mercur}', 

Whatever  may  be  the  atomicity  of  the  elements  which  enter  into  a 
binary  compound,  when  the  generic  name  is  preceded  by  the  prefix  per 
or  hifper  it  indicates  of  all  the  combinations  which  the  two  components 
can  form,  the  one  which  contains  the  largest  proportion  of  the  nega- 
tive element  Thus  the  compound  Fe'CP  is  called  perchloride  of  iron ; 
the  compoimd  K*S^  persulphide  of  potassium. 

When  the  electro-negative  body  has  an  atomicity  greater  than  two, 
the  quantities  of  it  are  no  longer  indicated. 

2nd.  First  eocception. — ^This  affects  the  hydrogenized  compounds. 
Three  cases  may  arise  :  when  these  compounds  are  strongly  acid,  when 
they  are  neutntl,  or  when  they  have  a  weak  acidity. 

When  (hey  are  strongly  acid  Uiey  are  called  acids,  and  the  prefix  hydro 
is  placed  before  the  name  of  the  electro-negative  body  of  the  combina- 
tion :  thus — 

The  compound  HCl  is  hydrochloric  acid. 

The  compound  HBr  is  hydrobromio  acid. 

When  they  are  neutral  their  name  is  generally  according  to  the  rule, 
but  sometimes  the  prefix  hydro  is  placed  before  the  name  of  the  electro- 
negative body.  Sometimes  the  termination  '^uretted"  replaces  the 
last  syllable  of  the  electro-negative  body :  thus  CH'^  may  be  called 
a  carbide  of  hydrogen,  or  a  hydro-carbon  or  carburetted  hydrogen. 

When  they  are  slighUy  acid  they  sometimes  follow  the  rule  for  those 
which  are  strongly  acid  ;  at  others,  the  last  syllable  of  the  name  of  the 
electro-negative  body  is  replaced  by  the  termination  "uretted:"  thus 
H*Se  is  hydro-selenic  acid,  or  seleniuretted  hydrogen. 

3rd.  Second  Exception. — llie  second  exception  has  reference  to  the 
combinations  of  metals  with  one  another.  These  combinations  are  named 
alloys.  Thus  we  say  alloy  of  iron  and  copper,  alloy  of  zinc  and  lead. 
The  alloys  into  which  mercury  enters  are  named  amalgams.  An  alloy 
of  mercury  and  silver  is  called  silver  amalgam. 

4ih.  Third  Exception. — The  third  exception,  by  far  the  most  impoiir 
ant,  has  reference  to  oxygenated  compounds.  When  an  oxygenated 
oompound  is  capable  by  a  reaction  with  the  elements  of  water  of 
forming  an  acid  it  is  called  an  anhydride ;  and  this  word  is  placed  after 
the  name  of  the  acid.  Thus  the  compound  of  phosphorus  and  oxygen 
(P*0*)  is  named  phosphoric  anhydride,  because,  by  reacting  with  water, 
it  produces  phosphoric  acid. 

If  the  oxygenated  compound  does  not  undergo  reaction  with  water, 
bui-reacts  with  bases  to  form  salts,  its  name  is  made  according  to  the 
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preceding  exception.  Thus  we  cause  the  word  anhydride  to  follow  the 
name  of  the  hypothetical  acid  which  we  obtain  by  replacing  by 
hydrogen  the  metaLs  of  the  salts  to  which  this  binary  compound  gives 
origin.     For  example : 

Carbon  and  oxygen  form  a  compound  C(  )*  which,  by  acting  on  bases,  fur- 
nishes salts,  of  which  the  formula  is  (CO^M'*),  M'  beinga  monatomic  metal. 

The  acid  which  would  be  obtained  by  substituting  H"  for  M" 
would  have  the  following  formula  (00*11*).  If  it  existed,  its  name, 
according  to  the  preceding  rules,  would  bo  carbonic  add.  The  com- 
pound CO*  would  then  be  called  carbonic  anhydride. 

Instead  of  naming  the  preceding  bodies  as  above,  we  oflen  call  them 
anhydrous  acids.  Instead  of  saying  phosphoric  anhydride  and  carbonic 
anhydride,  we  may  say  anhydrous  phosphoric  acid  and  anhydrous  carbonic 
acid.  The  former  names  are  to  be  preferred,  because  they  are  more  in 
harmony  with  modem  theories.  In  fact,  binarj'  compounds  cannot  be 
acid  unless  they  contain  hydrogen. 

When  binary  ox3'genated  compounds  are  not  able  to  react  upon  water 
to  form  acids,-  nor  upon  bases  to  form  salts,  they  are  called  oxides,  and 
the  particle  of  is  placed  aft«r  this  word  .(oxide),  being  itself  followed 
by  the  name  of  the  simple  body  combined  with  oxygen.  Thus  the  com- 
pound of  oxygen  and  potassium  KH)  is  named  oxide  of  potassium. 

Since  the  same  simple  body  is  able  to  form  several  binary  compounds 
with  oxygen,  it  is  convenient,  in  order  to  distinguish  them  from  one 
another,  to  precede  the  word  oxide  by  the  prefixes  prot,  bin,  ter,  tetra, 
sesquiy  sub,  per. 

These  prefixes  indicate  the  same  relation  between  the  oxygen  and  the 
body  to  which  it  is  united  as  they  do  between  the  biatomio  electro-nega- 
tive bodies  and  electro-positive  bodies,  which  we  have  already  explained. 

Thus  the  compounds  (K'*0),  (Cu"0),  (Hg"0),  are  named  protoxides 
of  potassium,  of  copper,  and  of  mercury. 

The  compounds  (Mn"0*),  (Ba"0*),  are  named  binoxides  of  manga- 
nese and  of  barium. 

/An"'  )     \  . 
The  compound  f  »    ,t,  [C  j  is  teroxide  of  gold. 

The  compound- (Fe*^0^)  is  sesquioxide  of  iron. 

The  compound  (Hg^O)  is  suboxide  of  mercury. 

Sometimes  the  word  peroxide  is  used  to  designate  the  oxide  contain- 
ing the  most  oxygen  which  a  body  is  able  to  bear  without  forming  an 
anhydrous  acid. 

In  the  second  of  the  preceding  examples,  we  may  either  say  binoxide 
or  peroxide  of  manganese,  binoxide  or  peroxide  of  barium.  Experience 
shows  that  (Ba^'O*)  is  the  compound  of  barium  which  contains  the 
largest  quantity  of  oxygen,  and  that  (Mn'O*)  is  the  compound  of  manga- 
nese which  contains  the  most  oxygen  without  being  an  anhydrous  acid. 

5th.  Fourth  Exception, — Among  the  bodies  whoso  nomenclature  obeys 
the  ordinary  rules  are  found  the  binary  compounds  of  sulphur, 
selenium,  and  tellurium.     Some  of  these  present  the  same  relation  to 
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certain  Biilplmretted,  seleniuretted,  or  telluretted  acids  as  the  oxygenated 
anhydrides  do  to  the  acids  which  are  derived  from  ihem.  We  then  name 
these  bodies  at  will,  either  according  to  the  general  rule,  or  by  causing 
the  word  anhydrosnlphide  to  follow  the  name  of  the  acids  to  which 
they  correspond.  The  body  (OS*)  dififering  from  sulpho-carbonic 
acid  (CS'H*)  by  (H*S)  in  the  same  manner  as  carbonic  anhydride 
(CO*)  differs  from  the  hypothetical  carbonic  acid  (CO"H*),  viz.,  by 
(H*0),  may  be  called  bisulphide  of  carbon,  or  snlphocarbonic  anhydro- 
Bulphide. 

Ternary  Compounds. — All  the  ternary  compounds  whose  nomen- 
clature follows  the  rules  are  salts,  which  are  sometimes  oxygenated, 
sometimes  not :  the  rules  are  diffeient  in  the  two  cases. 

Ist.  When  the  Salts  are  Oxygenated. — To  these  a  generic  name  is 
given  which  is  common  to  all  those  which  contain  the  same  halogen 
residue,  and  a  specific  name  to  distinguish  between  the  different 
species  of  the  same  class. 

Formation  of  the  Name  of  the  Class, — This  is  efifected  by  replacing  the 
last  syllable  of  the  name  of  the  simple  body  which  is  united  to 
oxygen  in  the  halogen  residue  by  the  terminations  ate  or  ite. 

When  two  classes  of  salts  only  differ  from  one  another  by  the 
quantity  of  oxygen  which  they  contain,  the  termination  cUe  is  given  to 
the  class  containing  the  most  oxygen,  and  that  of  ite  to  the  less 
oxygenated  class. 

There  are  often  more  than  two  classes  of  salts  which  only  differ  from 
one  another  by  the  quantity  of  oxygen  which  they  contain.  We  then 
form  the  name  of  the  class  of  those  in  which  the  halogen  residue  con- 
tains more  oxygen  than  the  class  terminating  in  ite,  but  less  than  that 
terminating  in  ate,  by  placing  the  prefix  hypo  before  the  name  termi- 
nating in  ate» 

We  place  the  same  prefix  hypo  before  the  name  terminating  ia  ite  to 
designate  a  class  of  salts  less  oxygenated  than  that  which  answers  to 
this  termination. 

Lastly,  to  indicate  a  class  of  salts  more  oxygenated  than  that  which 
has  received  the  termination  ate,  we  place  before  the  name  of  this 
latter  class  the  prefixes  per  or  hi^er. 

Thus  there  is  a  class  of  salts  of  which  the  halogen  residue  is  consti- 
tnted  by  chlorine  and  oxygen.  In  this  class  there  are  five  sub  classes, 
viz. : 

The  class  hypochlorite ClO—R'. 

The  class  chlorite CIO*— R'. 

The  class  hypochlorate  (this  class  does  not  exist; 
toe  assume  it  in  order  to  demonstrate  the  rules  of 

nomendaiwre) Cl'O*— R'. 

The  class  chlorate C10»— R'. 

The  class  pcrchlorate CIO*— R', 

Thus  we  see  the  class  hypochlorite  is  the  least  oxygenated,  and 
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that  the  quantity  of  oxygen  augments  progressively  in  the  following 
classes  which  correspond  to  the  names  chlorite,  hypochlorite,  chlorate, 
and  perchlorate. 

Formation  of  the  Specific  Name. — The  specific  name  is  no  other  than 
that  of  the  simple  body  or  of  the  electro-positive  radicle :  thus,  repro- 
ducing the  preceding  examples : 

If  in  the  class  chlorate  we  place  a  definite  radicle,  as  potassium, 
sodium,  or  silver,  in  the  place  of  the  R'  we  shall  have — 

Chlorate  of  potassium CIO',  K. 

Chlorate  of  sodium CIO',  Na. 

Chlorate  of  silver CIC,  Ag. 

It  may  happen  that  the  same  electro-positive  radicle  makes  two 
different  kinds  of  salts  with  one  and  the  same  negative  group ;  to 
distinguish  between  them  we  then  add  to  the  specific  name  the  words  ad 
maximum  or  ad  minimum.  The  salts  ''  ad  maximum  '*  are  those  into  which 
the  largest  proportion  of  the  negative  group  enters ;  while  the  salts  ^'  ad 
minimum  "  are  those  into  which  the  smallest  proportion  of  it  enters. 
Generally,  however,  the  prefix  **  per  "  is  used  for  the  "  ad  maximum  " 
compound,  and  those  of  **  proto  "  or  "  sub  "  for  the  **  ad  minimum." 

For  example,  there  are  two  sulphates  of  iron : 

The  sulphate  ad  maximum,  or  persulphate  =  (Fe*(SO*)'). 
The  sulphate  ad  minimum,  or  protosulphate  =  (FeSO*). 

2nd.  The  Salts  are  not  Oxygenated. — If  these  salts  contain  sulphur, 
selenium,  or  tellurium  in  the  negative  group,  their  name  will  be  formed 
in  the  same  manner  as  if  they  were  oxygenated ;  only  we  precede  the 
generic  name  by  the  prefixes  sulpho,  selenio,  or  telluric,  to  indicate 
which  of  these  bodies  replaces  the  oxygen.  Thus  the  class  CO'R"  being 
called  carbonate,  the  class  CS'R*  will  be  called  sulphocarbonate. 

If  the  salts  do  not  contain  either  oxygen,  sulphur,  selenium,  or 
tellurium,  two  cases  may  occur :  in  the  first,  there  will  be  two  posi- 
tive elements  for  one  negative;  in  the  second,  there  will  be  one 
positive  and  two  negative  elements. 

When  there  is  one  negative  element,  we  replace  the  last  syllable  of 
its  name  by  ide,  and  place  the  word  double  before  it ;  after  the  termina- 
tion ide  are  placed  the  names  of  the  two  positive  bodies :  thus  the  body 

PI*  r  ^^  called  the  •*  double  chloride  of  silver  and  sodium." 

If,  on  the  contrary,  the  body  contains  one  positive  element  and  two 
negative  ones,  we  cause  the  name  of  one  of  these  latter  to  terminate  in 
"  o,"  and  join  to  it  the  name  of  the  other  with  the  termination  ufo, 

and  then  place  the  name  of  the  positive  element ;  thus  the  body  ,^1 

is  named  the  "  iodo  chloride  of  mercu^5^** 

When  the  salts  are  sulphuretted,  Keleniui-etted,  or  telluretted,  names 
are  chosen  deduced  from  the  preceding  rules.     For  example,  the  salt 
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(CS'K*)  may  be  be  called  the  double  sulphide  of  potassium  and  carbon, 
or  sulphocarbouate  of  potassium,  llie  latter  of  these  names  is  prefer- 
able, and  wiU  end  in  being  the  only  one  used. 

3rd.  Acids,  Bases. — The  salts  which  contain  hydrogen  as  their  elec- 
tro-positive element  are  called  adds.  They  are  named  by  causing  this 
latter  word  to  follow  the  generic  name  of  the  salts  which  correspond  to 
them,  after  having  changed  the  termination  ^^ate'*  into  "tV'  c^d  that 
of  "  tie  "  into  **  ow." 

The  acid  which  corresponds  to  chlorates  is  chloric  acid ;  to  chlorites, 
chlorous  acid ;  and  to  sulphocarbonates,  sulphocarbonic  acid,  etc. 

When  the  group  HO  constitutes  the  electro-negative  element  of  a 
salt,  this  salt  is  a  base :  the  generic  name  of  *'  hydrate  "  is  given  to  this 
class  of  salts,  and  their  specific  names  are  formed  as  in  the  other  cases. 
The  compound  (KHO),  formerly  hydrate  of  potash,  ought  to  be  called 
"  hydrate  of  potassium." 

Quaternary  Compounds. — Quaternary  compounds  are  salts  which 
contain  sometimes  one  negative  group  to  two  positive  radicles,  some- 
times one  positive  radicle  to  two  negative  radicles,  and  sometimes  one 
ternary  negative  radicle  and  one  positive  radicle. 

1st.  Inhere  is  one  negaiive  radicle  to  two  positive  radicles. — If  hydrogen 
be  not  found  in  the  positive  radicles,  the  name  of  the  salt  is  formed  in 
the  ordinary  manner,  with  the  exception  that  the  word  double  is  placed 
before  the  generic  name  of  the  body.  Thus  the  body  (SO*",K,Na)  is 
named  double  sulphate  of  potassium  and  sodium. 

If  hydrogen  is  one  of  the  positive  element49  we  have  an  acid  salt ;  we 
then  place  the  word  *'  acid  "  before  the  generic  name,  or  we  add  the 
prefix  bi  to  the  generic  name. 

Thus  two  sulphates  of  potassium  are  known  ;  one  neutral  (SO*"K"), 
the  other  acid  (SO*''KH).  The  latter  is  named  acid  sulphate,  or  bisul- 
phate  of  potassium.  When  the  acid  salt  contains  several  atoms  of 
hydrogen,  the  number  of  them  is  indicated  by  the  syllables  mono^  6t, 
triy  ietrOf  placed  before  the  generic  name. 

2nd.  There  is  one  positive  radicle  to  two  negative  radicles. — If  hydroxyl 
(HO)  does  not  exist  in  the  negative  radicles,  the  last  syllable  of  one  of 
these  radicles  is  changed  into  o,  and  the  name  of  the  second  radicle, 
tenainated  by  the  syllable  ate  or  ite^  according  to  the  ordinary  rules,  is 
joined  to  it. 

Thus  the  compound  (N0*,C10",Pb")  is  named  the  chloro-nitrate  of 
lead. 

When  the  group  (HO)  is  one  of  the  negative  radicles,  the  salt  is 
named  as  if  it  only  contained  the  other  n^ative  radicle,  and  the  word 
basic  is  placed  before  the  generic  name  of  the  palt;  or,  as  is  more 
general,  the  prefix  sub  is  used. 

Thus,  there  are  two  nitrates  of  bismuth ;  the  one  (NO*,*Bi'")  neutral, 
the  other  (NO"(HO)"Bi'")  basic :  the  latter  is  named  the  basic  nitrate, 
or  subnitrate  of  bismuth. 

If    the  salt  contain  several  molecules  of    the  group  (HO)j   the 
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prefixes  mono,  W,  <«,  teiray  according  to  the  case,  are  added  to  the  word 
basic. 

3rd.  There  is  one  positive  radide  and  one  ternary  negative  radicle. — ^In 
this  case  the  generic  name  is  made  as  usual,  but  it  has  certain  prefixes 
attached  to  it.  These  prefixes  indicate  the  nature  of  the  bodies  taking 
the  part  of  the  negative  group,  the  last  of  which  in  the  name  has  the 
termination  ate :  thus  the  salt  (CO*S,K*)  is  called  binoxysulphocarbonate 
of  potassium. 

Bodies  which  oontain  more  than  Four  Blements. — These  compounds 
have  the  same  rules  of  noinenclature  as  the  quaternary  ones.  For 
example,  the  salt  (PO*",Na,K,Li)  has  the  name  of  phosphate  of  potas- 
sium, sodium,  and  lithium ;  the  compound  (PO*'",SO*",NO*,Fe*)  is  the 
phospho-sulplio-nitrate  of  iron. 

llie  salt  ((CSOSe)"K*)  is  the  sulphoxjseleniocarbonate  of  potassium. 
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Certain  solid  bodies  have  the  property  of  passing  into  the  liquid  state 
when  they  are  mixed  with  other  bodies  which  are  already  in  this  state, 
and  to  remain  intimately  mixed  with  these  latter  substances.  Then 
we  say  that  the  solids  are  soluble  in  these  liquids,  and  this  property 
which  they  possess  is  called  solubility.  « 

Examples  of  solubility  are  numerous.  Sugar  is  soluble  in  water, 
fat  is  soluble  in  spirit  of  tui'pentine,  etc. 

When  a  solid  is  dissolved  in  a  liquid,  sometimes  an  increase,  and  at 
others  a  decrease  of  temperature  is  observed  :  occasionally  the  temper- 
ature remains  unchanged. 

These  phenomena  are  thus  explained : 

Every  body  in  passing  from  the  solid  to  the  liquid  state  absorbs  a 
certain  quantity  of  heat,  and  consequently  lowers  the  external  temper- 
ature. Hence  it  is  evident  that  in  eveiy  solution  the  temperature 
of  the  solvent  ought  to  bo  lowered ;  further,  as  all  bodies  do  not  re 
quire  the  same  quantity  of  heat  to  change  their  state,  it  is  equally  evi- 
dent that  the  cold  produced  by  the  solution  ought  to  present  an  inten- 
sity varying  according  to  the  nature  of  the  body  dissolved. 

This  would  always  be  the  case  if  no  other  phenomena  intoifered ; 
but  the  body  which  is  dissolved  may  exercise  a  chemical  action  on  the 
solvent,  so  that  an  elevation  of  temperature  is  produced  and  counter- 
balances in  ditferent  degrees  the  cold  resulting  from  the  liquefaction. 
The  result  observed  will  depend  upon  the  difference  between  the  two. 
We  have  cold  in  the  case  where  the  heat  developed  by  the  combination 
is  less  than  the  cold  produced  by  the  solution,  and  heat  when  the 
reverse  takes  place.  But  the  temperature  will  not  vary  if  the  two 
effects  exactly  compensate. 

The  laws  which  regulate  the  solubility  of  bodies  are  far  from  being 
exactly  known :  besides  the  general  rules  there  are  also  exceptions. 
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First  Law. — At  the  same  temperature,  the  quantity  of  a  solid  body 
which  a  liquid  can  dissolve  is  limited.  When  a  liquid  has  dissolved 
all  that  it  can  of  a  body  at  a  given  temperature,  it  is  called  saturated. 
Solutions,  like  ordinary  combinations,  therefore  take  place  in  definite 
proportions. 

Second  Law. — When  a  liquid  is  saturated  with  one  body  it  can  still 
dissolve  another ;  often  even  the  solubility  of  one  is  augmented  by  the 
presence  of  the  other.  This  latter  phenomenon  ought  to  be  attributed 
to  the  production  of  new  compounds  formed  by  the  double  decompo- 
sition of  the  two  primitive  bodies. 

Third  Law. — ^The  solubility  of  bodies  generally  augments  with  the 
temperature:  100  parts  of  water  at  lO'^  dissolve  10  parts  of  nitrate  of 
barium,  and  36  parts  of  the  same  salt  at  100*^.  Nevertheless,  this  law 
is  not  constant.  Besides,  the  increase  of  solubility  for  the  same  increase 
of  temperature  is  far  from  being  the  same  for  all  bodies ;  there  ai-e 
some  which  are  more  soluble  in  cold  than  hot  liquids,  sulphate  of 
thorium  among  the  number ;  and  there  are  others  which  present  still 
greater  irregularities.  Sulphate  of  sodium  is  soluble  in  water,  and  its 
solubility  increases  as  the  temperature  rises  up  to  +  33°.  But  as  the 
temperature  is  elevated  above  33°,  the  solubility  of  the  salt  de- 
creases. 

To  explain  this  curious  &ct,  we  suppose  the  salt  which  is  dissolved 
between  0°  and  33°  to  be  combined  with  a  coiiain  quantity  of  water, 
while  at  33°  this  combination  is  destroyed,  leaving  the  salt  anhydrous. 
To  explain  this  anomaly,  we  may  suppose  that  the  hydrated  salt  obeys 
the  general  law,  and  that,  on  the  contrary,  the  solubility  of  the  anhy- 
drous salt  decreases  with  the  temperature.  Unfortunately,  this  expla- 
nation is  quite  hypothetical. 

Fourth  Law. — Bodies,  when  they  are  dissolved  in  liquids,  always 
raise  the  boiling  point  of  the  latter.  The  amount  which  they  raise  it 
varies  with  the  bodies.  It  is  probably  in  proportion  to  the  combining 
power  which  the  liquid  has  for  the  solid  molecule. 

The  following  table  indicates  the  number  of  degrees  by  which  the 
boiling  point  of  water  is  raised  by  a  weight  of  different  bodies  capable 
of  saturating  it  at  the  temperature  at  which  it  boils  under  their 
influence : 

v.»^  ^r  n»^i^  Proportioii  of  Ridies  Boiling 

Names  of  Dodiea.  to  100  of  Water.  Pointi? 

Chloride  of  barium 60-1  104° -3 

Chloride  of  sodium 41-2  108° -3 

Chloride  of  ammonium      .      .      .      .  88 '9  114° -2 

Chloride  of  strontium 117-5  117°-8 

Nitrate  of  sodium         224-8  121° -0 

Nitrate  of  calcium 362-0  161°-0 

Chloride  of  calcium 325-0  179'' -0 

Ab  the  solubility  of  each  body  varies  with  the  temperature,  lines 
have  been  constructed  called  curves  of  solubility,  intended  to  show  at 
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what  d^;ree  <^  (he  thermometer  thia  takes  place.     The  following 
18  tlie  principle  of  ilkese  cnrvea. 
,  Take  two  lines  perpendicular  (see  fig.  10)  tu  one  another.     The 


horizontal  line  is  divided  into  a  certain  number  of  equal  paria,  of 
which  each  represents  1°  of  the  centigrade  thermometer.  The  verti- 
cal line  is  divided  into  equal  parts,  which  are  not  neoessarilj  equal  to 
those  of  the  horizontal  line. 
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If  we  wish  to  determine  the  onrve  of  Bolubility  of  a  body,  we  find  by 
experiment  what  are  the  quantities  of  this  body  dissolved  in  100  parts 
of  the  solvent  at  difierent  temperatures. 

This  done,  from  the  divisions  which  indicate  these  temperatures  we 
raise  perpendiculars  to  the  horizontal  line ;  then  on  the  vertical  line 
we  take  the  lengths  proportional  to  the  quantities  of  the  body  dissolved 
at  the  different  temperatures  for  which  tho  determination  of  the 
Bolnbilitf  has  been  mcide.  From  each  of  the  points  thus  traced  on  the 
vertical  line  we  raise  perpendiculars,  which  meet  those  raised  fiom 
the  horizontal  line.  Finally,  we  join  all  the  points  of  intersection  by  a 
oontinnnns  curve,  which  is  the  curve  of  solubility  sought  for. 

From  ten  to  twenty  experiments  will  be  enough  for  the  curve  to  re- 
present the  Bolubility  at  all  d^rees  of  the  thermometer  with  sufficient 
exactitude. 

When  we  wish,  by  the  help  of  this  curve,  to  learn  the  solubility  of  a 
body  at  any  temperature,  we  raise  a  perpendicular  from  the  point  of 
the  horizontal  tine  where  this  temperature  is  inscribed.  This  perpen- 
dicular cuts  the  oui've  of  solubility  at  a  certain  point,  which  we 
connect  with  the  vertical  line.  The  length  of  this  latter  line  between 
the  point  of  connection  and  the  horizontal  line  represents  the  quantity 
rf  tho  body  capable  of  being  dissolved  at  the  temperature. 

The  important  point,  therefore,  is  to  be  able  to  determine  exactly  the 
solubility  of  a  body.  Two  methods  can  be  employed  to  attain  this 
end. 

FiBsr  Method. — This  consists  in  evaporating  with  care  a  known 
weight  P  of  a  solution  saturated  at  a  certain  temperature,  and  weighing 
the  dried  residue;  let  tho  weight  be  P';P— P'  will  represent  the 
weight  of  the  water  evaporated.  A  simple  proportion  then  gives  the 
quantity  of  the  soluble  body  which  100  parts  of  water  would  dissolve 
at  the  same  temperature.     We  have  then 

100  X  F 
P  -  P'  :  F  : :  100  :  «;  that  is  to  say,  a;  =  -p  _  „  . 


M/' 


To  accompliBh  the  drying,  we  place  the  solution  in  a  small 


66  PRINCIPLES  OF  CHEMISTRY. 

(fig.  11),  which  ifi  heated  by  charcoal.  At  the  end  of  the  operation,  to 
remove  the  last  tiuces  of  moisture,  we  inject  diy  air  into  the  receiver 
by  the  help  of  a  small  glass  tube  adapted  to  the  point  of  a  pair  of  bel- 
lows by  means  of  an  indiarrubber  tube.  The  receiver  must  always 
be  held  obliquely  to  prevent  the  li(^uid  spurting  out. 

Seoond  Method. — Instead  of  evaporating  the  solution  after  having 
weighed  it,  a  re-^ent  is  added  capaj^le  of  precipitating  the  body  dis- 
solved, or,  at  least,  some  of  its  elements.  The  precipitate  is  collected, 
washed,  dried,  and  weighed ;  and  from  its  weight  that  of  the  body 
which  was  in  solution  is  deduced. 

For  example,  to  determine  the  solubility  of  bromide  of  sodium,  we 

add  nitrate  of  silver  to  the  solution  of  this  salt;  and,  after  having 

collected  it  on  a  filter,  washed  and  dried  it,  we  weigh  the  bromide  of 

silver  which  is  precipitated ;  let  P  be  its  weight.     As  we  know  that 

188  parts  of  bromide  of  silver  contain  80  parts  of  bromine,  we  know 

the  weight  of  bromine  contained  in  P  of  bromide  of  silver  by  the  help 

of  proportion : 

80  V  P 
188  :  80  : :  P  :  a; ;  that  is  to  say,  x  =        ^       =  B, 

loo 

calling  B  the  value  of  x  supposed  to  be  found.  • 

We  know  that  80  of  bromine  unite  with  23  of  sodium,  giving  103  of 
bromide  of  sodium ;  then  we  shall  have  the  quantity  of  bromide  of 
sodium  contained  in  the  solution  by  means  of  the  proportion — 

103  X  B 
80  :  103  : :  B  :  a? ;  that  is  to  say,  x  =  — — . 

The  weight  of  bromide  of  sodium  being  known,  we  make  the  calcu- 
lation as  before. 

This  proceeding  is  only  applicable  when  the  bodies  whose  solubility 
we  wish  to  determine  are  decomposable  by  heat. 

Whatever  may  be  the  method  employed,  the  principal  part  of  the 
operation  is  to  obtain  a  saturated  solution.  We  can  do  this  in  two 
different  ways. 

The  most  simple  and  at  the  same  time  the  most  certain  way 
consists  in  placing  in  the  liquid  an  excess  of  the  body  to  be  dissolved, 
and  leaving  it  for  a  sufficient  length  of  time  at  the  proper  temperature. 

The  second  means  is  only  applicable  to  bodies  which,  according  to 
the  general  rule,  are  rendered  more  soluble  by  heat.  It  consists  in 
saturating  the  liquid  at  a  temperature  higher  than  that  at  which  we 
wish  to  make  the  experiment,  and  then  leaving  it  to  become  cold. 
The  excess  of  the  body  dissolved  is  deposited,  and  when  the  ther- 
mometer marks  the  degree  required,  the  saturated  solution  is  de- 
canted. 

This  proceeding  is  liable  to  error.  Sometimes  it  happens  that,  when 
the  temperature  becomes  lowered,  the  excess  of  the  soluble  body  which 
ought  to  be  deposited  is  not;  then  the  liquid  contains  in  solution 
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a  qtumtily  of  this  bodj  greater  than  that  which  it  would  have  taken  up 
if  the  Bolntion  had  been  made  at  onoe  at  this  temperature.  Neverthe- 
less, it  is  genendlj  sufficient  in  Ihis  case  to  shake  the  solution,  when 
the  excess  of  the  body  dissolyed  becomes  crystallized.  Solutions 
which  are  in  the  above  condition  are  said  to  be  super-saturated. 

To  obtain  them  it  is  necessary  to  keep  them  from  contact  with 
air  while  they  are  cooling.  This  can  be  done  either  by  enclosing  them 
in  a  tube  hermetically  sealed,  or  by  covering  them  with  a  coating  of 
oil,  or  by  simply  placing  them  under  a  bell-glass.  In  the  first  case  it 
is  sufficient  to  break  the  end  of  the  tube  which  contains  them ;  and  in 
the  second,  to  agitate  the  liquid  with  a  glass  rod,  to  bring  about  the 
crystallization. 

The  experiment  succeeds  veiy  well  with  sulphate  of  sodium.  We 
pour  into  a  glass  tube  a  solution  of  this  salt,  saturated  while  hot, 
taking  care  to  fill  about  |  of  the  tube ;  we  then  boil  the  liquid  to 
remove  the  air,  and  during  the  boiling  we  hermetically  close  the  con- 
trscted  part    Then  we  can  let  the  apparatus  (fig.  12)  cool  without  the 
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sulphate  of  sodium  becoming  crystallized ;  but  if  we  break  the  end  of  the 
tube  crystallization  takes  place  immediately,  and  the  L'quid  becomes  a 
solid  mass. 

When  a  super-saturated  solution  has  been  obtained  by  protecting  it 
from  the  air  either  by  means  of  a  coating  of  oil  or  by  a  bell-glass,  certain 
curious  phenomena  are  observ^ :  thus,  if  a  glass  rod  be  placed  in  such 
a  solution,  it  instantly  crystallizes.  The  rod  loses  its  property  when 
hot,  or  if  after  being  heated  it  is  protected  from  the  air  while  cooling. 

If  a  current  of  ordinary  air  be  made  to  pass  through  a  super-saturated 
solution,  crystallization  takes  place  immediately.  But  the  air  will  no 
longer  produce  the  crystaUization  if,  before  passing  into  the  solution, 
it  goes  through  a  hot  tube,  or  traverses  a  series  of  empty  U-shaped 
tubes,  or  be  sifted  by  passing  through  cotton. 

These  fiu^ts  seem  extraordinary  at  first  sight,  but  are  very  easily 
explained. 

The  crystallization  of  super-saturated  solutions  is  owing  to  the 

F  2 
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solid  partioles  which  becoine  deposited  on  the  objects  exposed  to  the 
air,  or  which  the  air  holds  in  suspension.  Moreover,  it  has  been 
shown  that,  in  order  that  powders  may  possess  this  property,  they  must 
contain  traces  of  the  matter  that  constitutes  the  snper-satiirated  solution. 
These  solutions  are  the  most  sensitive  re-agents  imaginable  for  determin- 
ing whether  air  contains  the  bodies  of  which  they  are  composed  or  not. 
When  the  air  is  sifted  or  made  to  pass  through  the  series  of  tubes,  it 
is  deprived  of  its  powders,  and  when  it  is  heated,  those  powders  which 
might  produce  crystallization  lose  their  crystalline  form,  and  with  it 
their  power  of  serving  as  nuclei  for  crystals. 

Solubility  of  GhuBes. — The  laws  we  have  just  studied  apply  to  the 
solubility  of  solids,  but  not  to  the  solubility  of  gases.  When  a  liquid 
dissolves  a  solid,  the  affinity  between  the  two  substances  alone  deter- 
mines the  change  of  state  of  the  solid,  and  as  this  change  requires 
caloric,  heat  favours  the  solution. 

When  it  is  a  gas  that  is  dissolved,  the  affinity  of  the  liquid  for  the 
gas  again  determines  the  change  of  state,  but  in  inverse  order.  This 
new  change  of  state,  instead  of  being  accompanied  by  an  absorption  of 
heat,  is  accompanied  by  its  disengagement.  It  is  evident  from  this 
that,  if  it  be  heated,  an  effect  will  be  produced  the  reverse  of  that  which 
results  from  the  affinity  of  the  two  bodies ;  that  is  to  say,  the  solution 
will  be  destroyed.  What  reasoning  would  lead  us  to  expect,  experi- 
ment demonstrates.  The  quantities  of  gas  dissolved  in  a  liquid 
decrease  with  the  elevation  of  the  tempemture ;  and  when  this  becomes 
sufficiently  high,  the  whole  of  the  gas  again  becomes  free. 

On  the  other  hand,  when  we  compress  gases,  we  bring  their  mole- 
cules nearer  together,  and  the  increase  of  the  attractive  force  which  acts 
between  them,  is  the  result.  In  compressing  gases,  the  same  effect  is 
produced  as  if  they  were  cooled.  This  is  so  true,  that  we  can  liquefy 
gases  by  pressure  alone. 

We  thence  conclude  that  pressure,  like  reduction  of  temperature, 
ought  to  favour  the  solution  of  gases,  and  here  again  reasoning  is  con- 
firmed by  experiment 

Gases,  in  fact,  dissolve  in  proportion  to  the  pressure.  When  this 
becomes  two,  three,  or  four  times  greater,  the  weight  of  gas  dissolved 
also  becomes  two,  three,  or  four  times  greater. 

We  can  explain  this  principle  by  sa3'ing  that  a  liquid  at  a  given 
temperature  always  dissolves  the  same  volume  of  a  gas,  whatever  may 
be  the  pressure.  As  the  weight  of  a  volume  of  gas  is  in  proportion  to 
the  pressure  which  it  supports,  it  is  evident  that  the  two  expressions 
are  the  same. 

In  Seltzer  water  we  have  an  example  of  the  action  of  pressure  on 
the  solubility  of  gases.  This  water  has  been  saturated  with  carbonic 
anhydride  under  a  pressure  of  5  atmospheres.  When  we  place  it  in 
communication  with  the  ordinary  atmosphere,  the  pressure  diminish- 
es h  i  ^^  ^®  S^  dissolved  is  disengaged,  and  produces  considerable 
-^fiervesoence. 
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•    Let  us  see  what  occurs  when  a  liquid  acts  not  on  a  single  gas,  but 
on  a  mixture  of  several  gases. 

Let  there  be  a  mixture  of  two  gases  A  and  B,  of  which  A  forms  ^ 
and  B  J ;  if,  the  volume  remaiuing  the  same,  the  gas  B  were  to  dis- 
appear,  the  gas  A  would  occupy  all  the  space,  and  would  consequently 
have  a  pressure  6  times  less  than  that  of  the  original  mixture.  It 
would  then  be  capable  of  being  dissolved  in  proportion  to  this  pres- 
sure.    Let  us  call  the  quantity  which  would  become  dissolved  P. 

If  the  gas  A  disappeared,  B  would  occupy  the  space  and  would  have 
a  pressure  which  would  be  the  |  of  that  of  the  mixture.  It  could  be 
dissolved  in  proportion  to  this  pressure.  Let  P'  be  the  quantity  which 
would  become  dissolved. 

We  know  that  when  the  two  gases  are  mixed,  the  respective  quan- 
tities of  A  and  B  which  are  dissolved  are  equal  to  P  and  to  P'. 

We  explain  this  by  saying ;  when  a  liquid  acts  on  a  mixture  of 
several  gases,  it  dissolves  of  each  of  them  that  quantity  which  would 
be  dissolved  if  this  gas  were  alone  in  the  mixture,  with  that  pressure 
which  belongs  to  it. 


WATEE  OF  INTEEPOSITION— WATER  OF  CEYSTAL- 
LIZATION—WATER  OF  CONSTITDTION. 

When  a  body  crystallizes,  it  sometimes  happens  that  the  crystals 
placed  over  one  another  contain  a  certain  quantity  of  the  mother 
liquor  (the  solution  in  which  the  crystals  were  formed).  In  this  case, 
the  water  enclosed  presents  no  constant  relation  with  the  crystal.  It 
is  found  in  the  state  of  a  simple  mixture,  and  is  called  vxUer  of  irUer^ 
patdtion. 

On  the  contrary,  many  crystals  contain  water  in  definite  proportions 
and  in  the  state  of  real  combination.  This  combined  water  bears  the 
name  of  uxUer  of  crystallization. 

The  same  body  can  crystallize  with  different  proportions  of  water, 
according  to  the  conditions  under  which  the  crystals  are  formed ;  thus, 
sulphate  of  magnesium  crystallized  at  the  ordinary  temperature  retains 
7  molecules  of  water  and  answers  to  the  formula — 

j^  |0«+7aq. 

in  which  aq.  represents  a  molecule  of  water  of  crystallization.  The 
same  salt  precipitates  from  its  solution  below  O'^  with  12  molecules  of 
water  and  answers  to  the  formula — 

S0«" 


Sg}^"+12aq. 


Water  of  ciystallization  does  not  seem  to  act  any  important  part  in 
the  constitution  of  the  body  with  which  it  is  united*  When  it  is 
driven  o£f  by  the  application  of  heat,  on  redissolving,  the  body  can 
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again  be  crystallized,  and  will  then  regain  all  the  water  that  it  lost. 
In  this  case  we  observe  that  none  of  its  physical  or  chemical  properties 
have  been  modified. 

This  water,  on  the  contrary,  has'  a  very  important  influence  on  the 
form  of  the  ciystal ;  if  it  be  driven  off  by  evaporation,  the  crystal  is 
destroyed. 

Bodies  which  contain  water  of  crystallization,  and  whose  solubility 
increases  with  the  temperature,  sometimes  give  rise  to  a  singular  phe- 
nomenon. When  they  are  heated,  they  dissolve  in  their  water  of  crys- 
tallization, and  seem  to  melt ;  if  we  continue  the  application  of  heat, 
the  water  evaporates,  and  the  body  regains  the  .solid  state.  It  is  only 
at  a  much  higher  temperature  that  the  body  really  melts.  This  appa- 
rent fusion  has  received  the  name  of  aqueous  fusion,  in  opposition  to 
the  real  fusion,  which  is  called  ignecus. 

There  are  crystals  which  may  wholly  or  partly  lose  their  water  of 
ciystallization  by  simple  exposure  t6  the  air,  and  which  at  the  same 
time  fall  to  powder ;  they  are  caUed  efflorescent.  Sulphate  of  sodium 
has  this  property  in  a  very  high  degree. 

Other  bodies,  on  the  contrary,  have  such  afi^ity  for  water  that  they 
seize  upon  that  which  the  atmosphere  contains  in  the  state  of  vapour ; 
these  are  called  deliquescent.  Carbonate  of  potassium  is  among  the 
number ;  on  leaving  it  for  several  days  in  contact  with  the  air,  instead 
of  a  solid  body  we  find  a  syrupy  solution. 

It  has  been  asked  whether  the  water  exists  in  ciystals  in  the  liquid 
or  in  the  solid  state.  The  specific  heat  of  ice  differing  from  that  of 
water,  enables  us  to  solve  the  problem. 

We  know  that  the  quantity  of  heat  necessary  to  raise  1°  the  temper- 
ature of  a  compound,  is  equal  to  the  sum  of  the  quantities  which  each 
of  its  components  absorbs.  If,  therefore,  we  call  M,  M',  M"  the  masses 
of  three  bodies,  and  G,  C,  C'^  their  specific  heat,  the  quantity  of  heat 
capable  of  raising  1°  M  +  M'  +  M"  will  be  MC  +  M'C  +  ld"C".  The 
quantity  of  heat  which  will  raise  the  united  weights  of  the  compound 
1^,  that  is  to  say,  the  specific  heat  of  this  latter,  will  be 

MC  +  M'(y  + M"q;' 

"M-fM'  +  M""     • 

Hydrated  crystals  have  a  capacity  for  heat  which  is  represented  by 

MC  4-  M'C 
j^T^j^r    >  representing  by  M  and  M',  C  and  C  the  masses  and  the 

capacities  for  heat  respectively  of  the  anhydrous  body  and  the  water 
always  making  C  equal  to  the  specific  heat  of  ice.  It  is  therefore  in 
the  solid  state  that  water  exists  in  crystals. 

To  determine  the  proportion  of  water  of  crystallization  which 
crystals  contain,  we  weigh  a  certain  quantity  of  the  crystals  reduced  to 
powder ;  let  P  be  its  weight.  Then  we  place  it  in  a  stove  heated  to 
100°  by  boiling  water,  or  by  oil  to  120°,  140°,  200°,  etc.,  according  to 
the  facility  with  which  it   becomes  dehydrated.     We  prolong  the 
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action  of  heat  until  two  successive  weighings  indicate  no  further  loss 
of  weight ;  let  P'  be  the  weight  of  the  dried  matter,  P  —  P'  represents 
the  water  of  crystallization.  Knowing  these  numbers,  we  can  deter- 
mine, by  proportion,  the  weight  of  the  water  which  is  combined  with 
a  molecule  of  the  anhydrous  body.     Q  being  the  molecular  weight  of 

Q  X  (P  —  P') 
the  body,  then,  P  :  P  —  P'  : :  Q  :  a? ;  therefore  x  =  ^5 ^. 

On  dividing  x  by  the  molecular  weight  of  the  water,  that  is  to  say  by 
18,  we  learn  what  is  the  number  of  molecules  of  water  combined  with 
a  molecule  of  the  body,  and  then  arrive  at  the  formula  of  the  crystal. 

Sometimes  bodies  lose  water  under  the  influence  of  heat,  and  crystals 
sometimes  not  only  lose  their  water,  but  become  so  altered  in  their 
properties  that,  when  redissolved  in  water,  they  will  not  regain  their 
primitive  characters. 

The  formula  of  citric  acid  crystallized  in  the  cold  is  C^H^CF  +  aq. 
At  1 00°  it  loses  its  water  of  crystallization ;  but  if  it  be  heated  more 
strongly,  it  will  also  lose  a  molecule  of  water.  Then  its  formula 
becomes  C*H«0«. 

The  dehydrated  compound  constitutes  a  new  acid,  aconitic  acid, 
entirely  different  from  citric  acid,  and  incapable  of  reconstituting  this 
latter  under  the  influence  of  water. 

The  water  whose  elimination  determines  a  change  in  the  nature  of 
bodies  is  called  water  of  constitution.  Does  it  exist  ready  formed  in  the 
molecules  of  ihe  compounds  which  lose  it  ?  We  do  not  know ;  but  it 
is  probable  that  it  is  formed  at  the  time  the  crystal  is  heated,  by  the 
union  of  a  part  of  the  hydrogen  with  a  part  of  the  oxygen  which  it 
contains.  It  is  believed  Uiat  the  action  of  heat  may  produce  a  similar 
modification  in  a  complex  molecule,  and  to  explain  the  phenomenon 
it  is  not  necessary  to  admit  that  the  water  exists  ready  formed  in 
the  molecules  in  question. 
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Nothing  is  less  easy  than  to  define  these  three  words  and  to  deter- 
mine exactly  their  respective  acceptations. 

There  exists  a  vast  series  of  phenomena,  of  which  polymorphism 
constitutes  the  first  term,  allotropy  the  intermediate,  and  isomerism 
the  extreme  term.  Now  when  we  divide  a  series  into  several  parts, 
we  assign  to  each  certain  distinctive  characters  taken  from  their 
medium  terms ;  as  to  the  extreme  terms,  they  always  participate  in 
the  properties  of  the  groups  which  separate  them ;  therefore  the  groups 
of  which  we  speak  cannot  be  absolutely  distinguished  by  special 
characteristics.  It  is  therefore  necessary,  in  order  to  define  polymor- 
phism, allotropy,  and  isomerism,  to  give  a  clear  idea  of  these  three  ex- 
pressions, even  if  we  leave  out  certain  facts  of  which  the  classifica- 
tion is  difficult,  an  inherent  defect  in  the  system  of  classification. 

Solids  which  crystallize   in   different  conditions  sometimes  crys- 
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tallize  in  two  different  systems:  they  are  then  called  polymorphous. 
Sulphur,  which  crystallizes  from  its  solution  in  octahedra  of  the  fourth 
system,  when  crystallized  hy  means  of  fusion  forms  prisms  having  a 
rhomhic  base,  of  the  fifth  system.     This  is  a  polymorphous  body. 

The  word  polymorphous,  created  for  the  differences  which  are  pre- 
sented by  bodies  in  their  crystallization,  has  received  a  greater  exten- 
sion. M.  Dumas  has  applied  it  to  the  changes  of  colouring  and  consist- 
ence which  are  produced  by  the  action  of  heat. 

We  can  thence  define  polymorphism :  The  fcusuUy  possessed  hy  bodies 
chemicaMy  identical,  of  having  physical  properties  differing  according  to  the 
conditions  in  which  they  are  placed. 

Again,  a  body  placed  in  different  conditions  may  undergo  modifica- 
tions in  its  physical  and  also  in  its  chemical  propeiiies ;  in  this  case 
we  have  the  phenomena  of  allotropy  or  isomerism. 

These  two  latter  terms  are  nevertheless  far  from  being  synonymous. 

After  having  carefully  studied  the  different  acceptations  in  which 
these  two  words  have  been  taken,  I  am  convinced  that  chemists  have 
instinctively  designated  under  the  name  of  allotropy,  cases  in  which, 
although  the  body  possesses  different  chemical  properties,  we  can  prove 
that  it  is  always  the  same  body  modified. 

On  the  contrary,  we  call  isomeric,  bodies  entirely  distinct,  but  having 
the  same  qualitative  and  quantitative  composition. 

Thus  phosphoiois  being  heated,  changes  its  properties,  as  we  have 
already  had  occasion  to  show ;  this  change  even  affects  its  chemical 
properties.  If  we  heat  it  still  further,  the  phosphorus  regains  its 
original  properties.  Phosphorus  can  therefore  exist  in  .two  different 
«tates,  but  it  is  always  phosphorus.  This  is  a  phenomenon  of  alio* 
tropy. 

Let  UB  now  compare  the  formiate  of  ethyl  C^ffO*  with  acetate  of 
methyl  C*H*0".  These  two  bodies  have  the  same  composition,  but 
they  can  never  be  transformed  one  into  the  other ;  more,  if  we  destroy 
their  molecules  by  means  of  the  same  re-8^ents,  the  products  we 
obtain  are  quite  different.  Formiate  of  ethyl  and  acetate  of  methyl  are 
two  perfectly  distinct  bodies ;  two  iKomeric  bodies. 

Chemists  have  felt,  without  having  determined,  that  herein  lies  the 
difference  which  exists  between  allotropy  and  isomerism.  When  they 
wish  to  designate  facts  of  allotropy,  they  give  to  the  bodies  in  which 
they  are  observed  an  invariable  name,  and  say  that  it  assumes  several 
states,  while  they  give  peifectly  distinct  names  to  isomeric  bodies. 

Two  names  are  not  given  to  sulphur,  to  phosphorus,  to  per-hydrate 
of  iron;  we  say  that  each  of  these  bodies  .exists  under  two  distinct 
allotropic  states,  but  we  designate  by  different  names  formiate  of  ethyl 
and  acetate  of  methyl;  aldehyd  and  oxide  of  ethylene  also,  which 
have  each  the  formula  C'H*0,  etc. 

An  example  taken  from  natural  history  will  illustrate  my  idea : 
allotropy  only  makes  races ;  isomerism  creates  distinct  species. 

To  sum  up,  we  ought  to  understand  by  allotropy  : 
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The  property  in  virtue  of  which  the  same  body  can  have  different  chemical 
characters. 

And  by  isomerism : 
'    7%e  fact  that  different  bodies  may  present  an  identical  quaUtaJtive  and  qaanr 
titative  composition. 

Originally,  the  word  allotropy  was  only  applied  to  elements,  later  it 
was  also  applied  to  some  compounds ;  we  will  apply  it  to  all  bodies, 
but  keep  ourselves  within  the  limits  of  preceding  definitions.  Certain 
reputed  isomeric  compounds  will  therefore  only  be  in  our  view  allo- 
tropic  modifications  of  one  and  the  same  body ;  we  will  only  give  one 
example :  tartaric  acid  which  turns  the  plane  of  polarization  of  light 
to  the  right,  tartaric  acid  which  turns  it  to  the  left,  and  that  which 
does  not  deviate  it  at  all,  are  not  in  our  eyes  three  isomeric  compounds, 
but  the  same  compound  which  assumes  several  allotropic  states. 

.  Isomeric  bodies  may  present  between  themselves  relations  of  different 
composition  ;  thence  the  several  classes  of  isomerides. 

These  classes,  according  to  M.  Berthelot,  are  five  in  number ;  but 
we  will  only  retain  four,  because  in  the  fifth,  under  the  name  of 
physical  isomerism,  M.  Berthelot  places  that  which  is  generally  called 
allotropy. 

FiBST  Class. — This  contains  bodies  which  have  no  other  relation  than 
their  identity  of  composition,  without  our  being  able  to  observe  the 
least  analogy  in  their  metamorphoses.  Their  molecules  correspond 
to  formulas,  sometimes  identical,  and  sometimes  multiples  the  one  of 
the  others. 

These  bodies  are  isomeric  by  equivalent  composition. — We  will  take  for 
example  aldehyd  and  oxide  of  ethylene,  of  which  the  common  formula 
is  (C*H*0);  lactide  and  acrylic  acid,  which  both  have  for  formula 
(CH^O*) ;  lactic  acid,  which  answers  to  the  formula  (C'H'O') ;  and 
glucose  (CfH'*0'),  double  the  preceding  one. 

Seooxd  Class. — Here  we  find  compounds  formed  by  the  union  of 
different  components,  but  presenting  such  relations  to  each  other  that 
by  the  act  of  combination  a  species  of  compensation  is  established ;  one 
of  the  generators  of  one  isomeric  body  possessing  most  what  the  other 
possesses  least,  relatively  to  the  generators  of  the  other  isomeric  body. 

These  are  isomerides  by  metamerism, —The  facts  of  this  order  are  nume- 
rous.   Formiate  of  ethyl  and  acetate  of  methyl  furnish  us  an  example. 

/CHO )     \ 
In  formiate  of  ethyl  I  -^j=j  [  O  j,  the  acid  radicle  (CHO)  contains  au 

atom  of  carbon  and  two  atoms  of  hydrogen  less  than  the  acid  radicle 

(C*H?0)  of  acetate  of  methyl  (     pxr.  \0);  but,  on  the  other  hand,  the 

radicle  methyl  (CH*),  which  is  in  the  second  of  these  bodies,  contains 
CH*  less  than  the  radicle  ethyl  (C*H*)  which  acts  in  the  first.  To 
sum  up,  the  two  compounds  contain  therefore  the  same  number  of 
atoms  of  each  component  element. 

Third  Clajss. — This  contains  an  entire  group  of  substances  of  which 
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the  properties  are  alike  and  the  centesimal  composition  identical,  but 
of  which  the  molecular  composition  is  different ;  the  molecular  weight 
of  one  being  a  multiple  of  the  molecular  weight  of  others. 

These  are  isomeridea  by polymensm. — As  an  example  we  give  :  ethylene 
(C«H^),  propylene  (C»H«),  butylene  (C*H»). 

FouRFH  Class. — In  this  are  classed  bodies  which  have  the  same 
centesimal  composition  and  the  same  formula,  and  which  moreover 
present  the  same  general  system  of  reactions ;  but  which  remain  distinct 
by  a  certain  number  of  physical  and  chemical  properties  which  they 
retain,  or  at  least  some  of  them,  in  passing  through  their  combinatious. 

These  are  isamerides  properly  so  called, — Cresylic  phenol  and  benzilic 
alcohol,  which  have  the  formula  (CH'O)  ;  toluic  acid  and  alpha-toluic 
acid,  whose  formula  is  (C'HK)*),  belong  to  this  class.* 


CLASSIFICATION  OF  BODIES. 

As  we  have  already  had  occasion  to  say,  simple  bodies  have  been 
classed  in  such  a  series  that  each  body  therein  is  electro-positive 
relatively  to  the  elements  which  precede  it.  and  electro-negative  to- 
wards those  which  follow. 

As  this  series  neither  indicates  the  analogies  nor  the  differences  of 
properties  which  the  bodies  present,  we  cannot  rationally  apply  it  to 
their  study. 

Bodies  have  been  also  divided  into  metalloids  and  metals,  and  then 
each  of  these  classes  subdivided.  The  characters  which  serve  to 
establish  this  division  are  far  from  being  sufficient 

The  only  natural  classification  would  consist  in  making  seveml 
&milies  of  all  the  simple  bodies,  each  of  which  families  shoidd  contain 
those  bodies  which  have  the  same  atomicity.  Then  the  bodies  should 
be  arranged  in  each  family  on  the  principle  of  the  electric  series. 

Thus  the  first  &mily  would  contain  monatomic  bodies :  fluorine, 
chlorine,  bromine,  iodine,  hydrogen,  silver,  lithium,  sodium,  potassium, 
rubidium,  ceesium,  and  perhaps  thallium  whose  place  is  not  yet  quite 
determined.  Each  of  these  bodies  is  electro-negative  to  those  which 
follow  and  electro-positive  to  those  which  precede  it. 

We  will,  however,  confine  ourselves  to  that  classification  which 
divides  bodies  into  metalloids  and  metals,  and  will  only  add  to  the 
former  certain  elements  up  to  this  time  reputed  metals,  and  which, 
according  to  the  researches  of  M.  Marignac,  cannot  be  separated  from 
silicon.     In  making  any  ftirther  subdivisions,  we  will  take  as  basis  the 

*  To  these  different  classes  of  isomerism  M.  Berthelot  adds  Kenomeritm,  or  ito- 
meriam  of  bodies  formed  by  (he  eHiminaiion  of  different  or  idenUeal  dements  at  (he 
cost  of  distinct  compounds.  Thus  aldehyd  and  oxide  of  ethylene,  which  have  both  for 
formula  (O^H^O),  and  which  are  derived,  the  first  from  alcohol  (O^H^O),  by  elimina- 
tion of  H^,  and  the  secoad  from  glycol  (G^H^^O'),  by  elimination  of  H^O,  would  be 
kenomeric  bodies.  We  have  not  retained  this  class  of  isomerism,  which  is  only  based 
on  the  constitution  of  bodies,  and  the  creation  of  which  seems  to  us  to  be  arbitrazy. 
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atomioity  of  bodies.  Nevertheless  several  exeeptions  to  this  general 
rale  will  be  necessaiy,  and  sometimes  we  shall  have  to  classify  certain 
bodies,  not  by  their  absolute  atomicity,  but  according  to  their  most 
ordinary  quantivalence.  We  shall  do  this  whenever  the  absolute  atom- 
icity is  only  manifested  in  rare  cases,  as  takes  place  with  oxygen,  sul- 
phur, selenium  and  tellurium,  which  are  in  reality  tetratomic,  but 
which  nearly  always  act  as  bivalents,  and  with  iodine,  which  in  most 
cases  acts  as  monovalent,  though  it  is  triatomic. 

The  following  table  shows  the  differences  which  distiuguish  metal- 
loids from  metals : — 


MVIALLOD30, 

1.  Seveial  metalloids  are  gaseous. 

2.  Metalloids  have  not  the  lustre  called 

metallic. 

3.  Metalloids  are  bad  conductors  of 

heat  and  electricity. 

4.  Metalloids  haye  a  density  relatively 

low. 

5.  Oxides  of  metalloids,  on  combining 

with    water,   ordinarily    produce 
adds,  seldom  bases. 

6.  Metalloids  are  always  electro-nega- 

tiye  in  the  compounds  which  they 
form  on  uniting  with  metals. 


Mbtals. 

1.  There  is  no  gaseous  metal. 

2.  Metals  possess  metallic  lustre. 

3.  Metals  are  good  conductors  of  elec- 

tricity and  heat 

4.  Metals    have    a  density  relatively 

high. 

5.  Oxides  of  metals,  on  combining  with 

water,     produce    bases,    seldom 
acids. 

6.  Metals  are  always  electro-poeitiYe 

in    the    compounds  which    they 
form  on  uniting  with  metalloids. 


Subdivision  of  Metalloids. — We  will  divide  the  metalloids  into  five 
natural  groups,  our  classification  being  that  of  M.  Dumas,  slightly 
modified. 

FiBST  Group. — Contains  monatomic  metalloids ;  they  are :  chlorine, 
bromine,  iodine,  fluorine,  and  hydrogen. 

Skoond  Gboup.^ Contains  biatomic  metalloids;  which  are:  oxygen, 
sulphur,  selenium,  and  tellurium. 

Third  Group. — At  present  only  contains  one  metalloid,  boron,  which 
is  triatomic. 

Fourth  Group.— In  this  we  classify  the  tetratomic  metalloids:  silicon, 
zirconium,  titanium,  tin,  and  thorium. 

Fifth  Group. — This  contains  the  pentatoraic  metalloids,  which 
are:  nitrogen,  phosphorus,  arsenic,  antimony,  bismuth,  uranium, 
tantalium  and  niobium. 


PART  SECOND. 


SIMPLE  BODIES  AND  THEIR  PRINCIPAL  COMPOUNDS. 


METALLOIDS. 


FIRST  GROUP  (MONATOmC  METALLOIDS). 


CHiiOiiiim 


d 

Cl 


} 


Atomic  weight  =  35*5.    Molecular  wdlght  =  71. 


Chlorine  may  be  obtained  either  by  heating  binoxide  of  manganese 
with  hydrochloric  acid,  or  by  heating  the  same  oxide  with  a  mixture 
of  sulphuric  acid  and  chloride  of  sodium. 


First  Process, 


(M.0-)    +    4(?,|) 


-  (Sf"})  +  Ki}») 


+ 


Binoxide 
of  manganese. 


Hydrochloric 
acid. 


Chloride  of 


Water. 


Cll 

Free 
Chlorine. 


Binoxide  of 
mangancBe. 


Second  Process. 

Sulphuric  acid. 


(of})    - 


/S0»" 
l^Mn" 


}o.) 


+ 


Sulphate  of 
manganese. 


Sulphate  of 
sodium. 


Chloride  of 
sodium. 


a 
ca 


f  +  ^(i!») 


Free 
Chlorine. 


Water. 


Chlorine  is  gaseous  under  ordinary  conditions.  It  becomes  liquefied 
under  a  pressure  of  five  atmospheres ;  its  colour  is  a  greenish  yellow ; 
its  density  in  the  gaseous  state  is  2*44,  and  in  the  liquid  state  1*33. 
Owing  to  its  great  density,  if  gaseous  chlorine  be  disengaged  in  a  tube 
terminating  at  the  bottom  of  a  vase,  the  air  will  be  gradually  displaced 
and  the  vase  filled  with  pure  chlorine. 

Chlorine  dissolves  in  about  the  third  of  its  volume  of  water.  To 
obtain  a  saturated  solution  we  use  Woulfe's  apparatus  (fig.  13)«    This 
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eoDsistB  of  a  aeries  of  bottles,  C,  D,  E,  F ;  each  bottle  ba-ring  three 
tubes ;  the  first,  placed  in  the  middle,  goes  to  the  bottom  of  the  vessel, 
and  its  top  terminates  in  a  funnel,  for  the  purpose  of  introducing 
water.  Moreover,  if,  in  consequence  of  the  temperature  being 
lowered,  the  pressure  diminisbes  in  one  vessel,  the  liquid  of  the  nest 
would  have  a  tendency  to  rise  through  one  of  the  lateral  tubes,  and  to 
pass  into  the  firet  bottle.  The  tube  in  the  centre  prevents  this  accident : 


when  the  gas  becomes  rarefied  in  one  vessel,  the  air  enters  by  this  tnbe, 
and  the  presenre  is  re-established.  The  middle  oae,  for  this  reason,  is 
called  the  safety  tube.  The  two  others  pass  through  necks  at  each 
side.  The  first,  plunged  to  the  bottom  of  the  liquid,  brings  the  gas  to 
be  dissolved ;  the  other  stops  just  below  the  neck,  and  consequently 
does  not  touch  the  liqnid,  so  that  it  may  furnish  a  free  passage  for  the 
gas  which  has  not  been  dissolved  to  pass  on  to  the  succeeding  bottles. 

In  the  case  of  chlorine,  the  tube  which  terminates  the  apparatus 
should  pass  into  a  vessel  containing  milk  of  lime,  to  absorb  the  excess 
of  chlorine  and  to  prevent  its  irritating  effects. 

When  a  eolation  of  chlorine  is  cooled  to  0°  crystals  are  obtained 
which  contain  28  parts  of  chlorine  and  72  of  water,  which  nearly 
corresponds  to  the  formula  CI' .  lOH'O.  These  crystals,  enclosed  in 
a  tube  hermetically  sealed,  decompose  when  heated,  and  the  gas  set 
free,  which  is  developed  in  too  large  a  quantity  to  be  dissolved  iii 
the  water,  is  compressed  to  liquefaction.  Then  the  tube  contains  two 
strata :  one,  liquid  chlorine ;  the  other,  water  saturated  with  this 
metalloid. 

Chlorine  combines  directly  with  hydrogen  under  the  induence  of 
light ;  when  the  mixture  is  submitted  to  sunlight  the  reaction  is 
instantaneous,  and  an  explosion  is  the  consequence  ;  in  diffused  light, 
OD  the  contrary,  it  requires  rather  a  bjng  time.  In  total  darkness  the 
combination  does  not  take  place  unless  chlorine  which  has  been  pre- 
viously exposed  to  ranlight  (insolated)  be  employed ;  in  the  latter 
case  it  is  equally  instantaneous.  Insolated  chlorine  also  difi'ers  from 
ordinary  chlorine  by  other  properties.    It  disengages  more  heat  in 
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reaciing  on  potash;  and  even  when  the  solntionB  of  this  base  are 
largely  diluted  it  forms  chlorate  of  potassinm,  which  would  not  occur 
with  normal  chlorine.  Insolated  chlorine  is,  therefore,  an  allotropio 
state  of  chlorine. 

Chlorine  combines  directly  with  most  metals,  and  particularly  with 
mercury,  and  this  prevents  it  from  being  collected  over  that  liquid. 

Arsenic  and  antimony  take  fire  spontaneously  when  they  are  placed 
in  a  vessel  filled  with  chlorine.  Copper  also  bums  when  it  is  previ- 
ously heated.    Phosphorus  inflames  in  it  spontaneously. 

If  chlorine  and  aqueous  vapour  be  passed  into  a  tube  of  porcelain 
red  hot,  the  water  is  decomposed,  oxygen  is  set  free,  and  hydrochloric 
acid  is  formed ;  in  the  cold,  and  under  the  influence  of  light,  the  so- 
lution of  chlorine  undergoes  in  time  a  similar  decomposition. 

In  presence  of  water  chlorine  acts  as  an  energetic  ozydizer;  it 
appropriates  hydrogen,  and  sets  oxygen  free,  which,  in  the  nascent 
state,  has  very  strong  affinities. 

By  this  means  we  can  easily  transform  sulphurous  into  sulphuric 
acid. 

(£"(0-)  +  gi(  +  (i}")  -  ^(?ii)  +  (fn°-) 

SolpbnrcNU  Chlorine.  Water.  Hydrochloric  Salphmlc 

add.  acid.  add. 

Chlorine,  by  acting  on  organic  substances,  modifies  them  greatly,  on 
account  of  its  affinity  for  the  hydrogen  which  these  substances  contain. 
It  destroys  colouring  principles  and  miasmata.  These  two  properties 
are  utilised.  In  trade  its  decolorizing  action  is  applied  for  bleaching 
linen  and  cotton  goods.    In  medicine  it  is  used  as  a  disinfectant. 


Br: 

BBOMOTE 


Brf 

Atomic  welgbt  =  80.   Molecular  weight  =  160. 

Bromine  is  obtained  by  a  process  analogous  to  that  used  for  chlorine ; 
viz.,  by  heating  a  mixture  of  bromide  of  sodium,  peroxide  of  manganese, 
and  sulphuric  acid.  The  vapour  is  collected  in  a  cold  receiver.  As 
bromine  acts  strongly  on  cork,  it  is  necessary  to  use  apparatus  in 
which  all  the  pieces  are  ground  to  fit  exactly. 

Bromine  is  liquid  at  the  ordinary  temperature.  Its  colour  is  a 
deep  reddish  brown ;  -at  —  20^  it  becomes  solid,  and  forms  grey 
laminsB ;  about  47°  it  is  converted  into  a  yellowish  va|K)ur. 

Tbe  density  of  liquid  bromine  is  2*97,  and  of  bromine  vapour  5*39. 

The  odour  of  this  body  is  very  irritating,  and  strongly  affects  tbe 
organs  of  respiration. 

Bromine  combines  with  water  at  0°,  forming  a  crystalline  hydrate. 
This  hydrate  is  decomposed  at  15°  or  20°. 

The  affinities  of  bromine  are  of  the  same  nature  as  those  of  chlorine, 
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but  it  combines  with  oxygen  with  greater  enei^,  while  with  all  other 
bodies  it  combines  with  less  energy.  The  result  is  that  chlorine  dis- 
places bromine  in  all  the  compounds  the  latter  forms,  excepting  with 
oxygen,  and  that  bromine  displaces  chlorine  from  its  oxygenized 
compounds. 

Combination  of  Chlorine  with  Bromine. 

We  onl}'  know  one  chloride  of  bromine  which  has  not  been  well 
studied.   It  is  formed  by  passing  chlorine  gas  through  liquid  bromine. 


!| 


IODINE 

Atomic  weight  =  121,    Molecalur  weight  =  254. 

This  metalloid  can  be  obtained  either  by  decomposing  a  solution  of 
iodide  of  sodium  by  a  current  of  chlorine,  and  collecting  on  a  filter  the 
iodine  which  is  precipitated,  or  by  the  same  reaction  as  chlorine  and 
bromine,  substituting  a  metallic  iodide  for  the  chlorides  and  bromides. 

Iodine  is  solid,  crystallizing  in  greyish  scales,  which  have  a  metallic 
lustre.  It  melts  at  107^  and  boils  at  180^.  Its  vapours  have  a  beauti- 
ful violet  colour.  The  odour  of  iodine  is  something  like  that  of  chlo- 
rine, but  is  much  fiunter,  and  can  be  better  tolerated. 

Pure  water  only  dissolves  ^  f^^  q-  of  its  weight,  but  it  dissolves  con- 
siderable quantities  when  it  contains  in  solution  either  iodides  or  hy- 
driodic  acid.  Alcohol,  ether,  benzine,  chloroform,  and  the  essences 
dissolve  iodine  readily. 

The  density  of  iodine  is  4*95 ;  its  vapour  density  8*716.  Iodine  stains 
paper  and  the  skin  brown ;  but  the  discoloration  is  not  permanent. 

The  smallest  quantity  of  iodine  colours  starch  paste  a  beautiful 
blue.  The  colour  fades  away  if  the  solution  be  heated,  and  the  liquid 
regains  its  colour  on  cooling. 

The  affinities  of  iodine  are  of  the  same  nature  as  those  of  chlorine 
and  bromine,  but  it  has  a  stronger  afSnity  for  oxygen  than  these  bodies, 
and  a  weaker  affinity  for  all  other  elements.  The  result  is  that,  while 
chlorine  and  bromine  displace  it  from  all  its  non-oxygenized  combina- 
tions, it  displaces  them  from  their  oxygenized  compounds. 

Iodine  is  a  much-used  and  valuable  medicine ;  it  cures  goitre  when 
this  is  merely  owing  to  hypertrophy  of  the  thyroid  body ;  above  all,  it 
prevents  this  affection  from  developing  itself.  It  is  advisable  to  mix 
iodine  compounds  with  the  food  in  places  where  goitre  is  endemic. 

Iodine  succeeds  also  in  scrofula  and  in  tertiary  syphilis.  M.  Piorry 
is  said  to  have  obtained  excellent  results  with  it  in  pulmonary 
consumption. 

Combinations  of  Iodine  with  Chlorine  and  Bromine. 

Chlorides  of  Iodine. — Two  chlorides  of  iodine  are  known :  one  pro> 
tochloxide  (ICl),  and  a  perchloride  (ICl*).    These  two  chlorides  are 
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obtained  by  making  chlorine  act  directly  on  iodine.  The  chlorine 
mnst  be  in  excess  if  we  want  to  obtain  perchloride,  and  the  iodine,  if  it 
is  the  protochloride  we  wish  to  prepare. 

Protoohloride  of  iodine  is  liquid,  and  perchloride  solid.  They  both, 
in  presence  of  a  great  quantity  of  water  and  an  excess  of  chlorine, 
generate  iodic  and  hydrochloric  acids. 

Bromides  of  Iodine. — On  combining  directly  bromine  with  iodine 
we  obtain,  according  to  the  respective  quantities  of  these  bodies,  either 
a  solid  protobromid^,  or  a  liquid  perbromide. 


IFl 
FliUOBINE  <-p2 

Atomic  welgbt  =  19.    Molecular  weight  s:  3fi(?) 

Fluorine  exists  in  the  compounds  wliich  are  called  fluorides,  and 
also  in  hj'drofluoric  acid.  The  facility  with  which  it  attacks  all  bodies 
has  not  allowed  it  as  yet  to  be  obtained  in  a  free  state. 


HYDBOGEVr  ^ 


h} 

Atomic  weight  =  1.    Molecular  weight  =  2. 


Hydrogen,  combined  with  oxygen,  is  contained  in  water. 
Free  hydrogen  can  be  obtained  by  passing  the  vapour  of  water  over 
iron  filings  placed  in  a  tube  of  porcelain  heated  to  redness. 

^W       +      *^}0)       =       (Fe'O-)       +       4g} 

Itqd.  Water.  Magnetic  oxide  HydrogeD. 

of  Iron. 

It  is,  nevertheless,  more  convenient  to  displace  hydrogen  from 
(cold)  diluted  sulphuric  or  hydrochloric  acid  by  a  metal,  such  as  iron 
or  zinc. 

^     ^"  +  ^»  -  iZM  +  II 

zinc.  Salpharic  add.  Sulphate  of  zinc.  Hydrogen. 

This  operation  takes  place  in  a  flask  with  two  necks  (fig.  14).  Into 
one  of  these  is  adapted  a  tube  which  goes  down  to  the  bottom  of  the 
liquid,  and  allows  the  acid  to  be  poured  in ;  in  the  other  is  placed 
a  tube,  which  merely  enters  just  within  the  neck,  and  allows  tlie  gas 
to  pass  out.  A  very  diluted  acid  ought  always  to  be  employed  in  this 
operation,  otherwise  the  sulphate  of  zinc,  not  meeting  with  anything  to 
dissolve  it,  is  deposited  on  the  metal,  and  preserves  it  from  contact 
with  the  acid,  and  so  prevents  the  process  from  being  continued. 

Hydrogen  can  also  be  obtained  from  the  decomposition  of  water  by 
potassium  or  sodium ;  a  piece  of.  one  or  the  other  of  these  metals  is 
wrapped  in  paper  and  introduced  under  a  boll  glass  placed  over  mer- 


onry,  tliere  beii^  a  little  WBt«r  in  the  upper  part  of  the  glass.  The 
potassium,  owii^to  its  Bmall  specific  gravity,  riees  to  the  top  of  the 
fluids;  then  the  water  aod  the  mercmy  become  lowered,  the  potas- 


sium (or  sodium)  disappears,  and  the  hell  fills  with  hydrogen.    The 
reaction  which  takes  place  is  the  Jbllowing  : — 

WUer.  PoUnlnin,  Hjdnleot  Hrdrogen. 


This  reaction  is  too  eaergetio  to  be  employed  for  the  contintious 
production  of  hydrogen ;  but  it  may  be  moderated  by  employing  the 
amalgam  of  potassium  or  sodium  instead  of  the  pure  metal.  An  appa- 
ratus is  then  used  similar  to  that  in  which  zinc  is  treated  by  sulphuric 
aoid. 

Finally,  hydrc^ien  chemically  pure  can  be  obtained  by  means  of  the 
galvanic  battery.      For  this  purpose,   the    apparatus    (fig.    15)   is 


employed.  It  is  a  glass  flask  with  a  hole  at  the  bottom,  into  which  is 
cemented  a  wire  of  platinum  a  covered  with  a  layer  of  zinc  amalgam. 
The  flask  is  then  filled  up  to  the  level  of  the  neck  S  with  water  aoidn- 
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Uted  by  pure  sulphuric  acid.  This  neck  is  closed  by  a  stopper  through 
which  passes:  let,  a  platinum  wire  d;  2nd,  a  disengagement  tube  B. 
In  the  course  of  this  latter  a  larger  tube  is  interposed  full  of  chloride 
of  calcium— a  substance  having  a  great  affinity  for  moisture — for  the 
purpose  of  drying  the  gas.  The  platinnm  wire  d  passes  into  the  liquid 
and  is  teiminatcd  by  a  hook  G,  to  which  is  suspended  a  sheet  of  the 
same  metal.  On  placing  the  wire  d  in  commnnication  with  the  nega- 
tive pole  of  a  batteiy  of  two  cells,  and  the  wire  a  in  communication 
with  the  positive  pole  of  the  same  battery,  pure  hydrogen  is  disen- 
gt^ed  at  C. 

Hydrogen  gas  has  not  been  liquefied  under  any  pressure  or  at  any 
temperature.  It  is  colourless,  inodorous,  and  tasteless ;  its  density  is 
0-0692. 

Water  dissolves  about  rls  o{  iis  volume.  Hydrogen  is  highly  com- 
bustible. If  it  be  disengaged  through  a  veiy  slender  tube  and  lighted, 
it  bums  with  a  very  hot  but  not  a  bright  flame ;  an  apparatus  made 
on  this  principle  is  called  the  philosophical  lamp.  The  flame  deposits 
vapour  of  water  on  cold  bodies,  which  shows  that  water  is  com- 
posed of  hydrogen  and  oxygen.         > 

When  a  glass  oylioder.  open  at  both  ends,  is  placed  round  the  flame 
of  hydrogen,  a  sound  is  heard  which  may  be  made  sharper  or  duller  by 
sinking  the  cylinder  more  or  less.     This  is  owing  to  a  series  of  vibra- 
tions which  take  place  in  the  cylinder  in  consequence  of  the  formation 
and  sudden  condensation  of  a  certain  quantity  of  aqueous  vapour. 
Hydrogen,  which   does  not  generally  ignite   in   air  unless   it  is 
brought  in  contact  with  an  ignited  subxtance,  in- 
flames spontaneously  under  the  influence  of  spongy 
platinum.*     An  apparatus  has  been  constructed  on 
this  principle  by  which  light  is  easily  obtained, 
which  is  called  the  hydn^en  lamp  (fig.  16). 

This  apparatus  consists  of  a  lower  receiver,  which 
has  an  opening  at  tho  top  and  one  at  the  side.  At 
the  bottom  of  the  interior  of  this  receiver  a  large 
hollow  cylinder  of  zinc  is  placed  B.  A  second 
receiver  A,  which  has  an  opening  at  the  top,  closed 
by  a  ground  stopper,  and  terminating  at  the  lower 
.  port  by  a  long  tube  D  open  at  the  end,  is  placed  over 
the  first,  so  that  the  open  end  of  the  tube  which  ter. 
*  "■  minates   it   passes    deeply  into  the   zinc   cylinder. 

The  upper  end  of  this  tube  is  accurately  fitted  into  the  higher  open- 
ing of  the  lower  receiver. 

Finally,  this  latter  receiver  has  at  E  a  tube  with  a  stopcock,  and 
opposite  the  opening  of  this  is  a  sponge  of  platinum  F. 
The  apparatus  acta  in  the  following  maimer : 

If,  the  stopcock  E  being  open,  we  pour  dilute  sulphuric  acid  into  the 
•  We  call  ■'  spongT  "  platinam  the  spongy  moss  of  platiaDrD  which  JB  obtoiaed  on 
ilecompobing  ceitaiu  compoDndi  of  this  metal  b;  lieaL 
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reoeiyer  A,  the  aoid  falls  by  the  tnbe  into  the  lower  receiver,  and  acts 
on  the  2dno,  on  contact  with  which  it  gives  rise  to  a  disengagement  of 
hydrogen.  The  gas  escapes  by  the  tap  E,  strikes  against  the  platinnm 
sponge,  and  ignites.  If  we  wish  the  apparatus  to  cease  acting,  we 
close  the  tap  E,  taking  care  to  keep  open  the  stopper  of  the  vase  A ; 
the  gas  produced  in  the  lower  vessel,  finding  no  means  of  exit,  is 
compressed,  it  presses  on  the  liquid  contained  in  this  vase,  and  obliges 
it  to  rise  in  the  tube  D  and  the  receiver  A. 

The  zinc  and  sulphuric  acid  thus  becoming  separated,  chemical 
action  is  arrested.  When  we  again  cause  the  apparatus  to  act,  we 
merely  open  the  tap  E ;  the  pressure  of  the  gas  in  ihe  lower  receiver 
ceasing  at  once,  the  liquid  again  descends  into  it  and  the  disengi^ment 
of  gas  recommences. 

Therefore,  whenever  Ve  want  a  light  we  have  only  to  open  the 
stopcock.  Unfortunately,  the  platinum  sponge  soon  loses  its  power  of 
igniting  the  gas  if  care  be  not  taken  to  renew  it  from  time  to  time]  by 
making  it  red  hot  This  prevents  this  apparatus  from  being  em- 
ployed in  domestic  use. 

A  mixture  of  hydrogen  and  oxygen  explodes  when  ignited.  The 
most  violent  explosion  is  obtained  from  the  mixture  of  two  volumes 
of  hydrogen  with  one  of  oxygen.  If  the  two  gases  be  placed  in 
separate  gasometers,  from  which  their  flow  can  be  regulated,  and  both 
made  to  pass  in  the  above  proportions  into  a  tube  of  very  strong 
metal  containing  several  disks  of  metallic  gauze,  the  mixture  as  it 
comes  out  of  the  tube  may  be  lighted  without  danger.  The  flame 
obtained  gives  a  temx)erature  of  about  2500°;  a  similar  jet  ignited, 
and  directed  on  to  a  piece  of  chalk,  renders  it  incandescent,  and 
produces  a  bright  light,  which  has  been  called  Drummond's,  or  the 
lime  light. 

Hydrogen  being  very  sparingly  soluble  in  water  may  be  collected 
over  this  liquid ;  but  if  it  is  wanted  dry,  it  must  be  collected  over 
mercury. 

It  has  been  stated  that  hydrogen,  disengaged  by  galvanism  at  a  low 
temperature,  is  more  active  than  that  obtained  by  the  ordinary  processes, 
but  this  fiskct  has  not  yet  been  sufliciently  demonstrated. 


Combinations  op  Hydrogen  with  Chlorine,  Bromine,  Iodink, 

AND  Fluorine. 

Hydroclilorie  Add  ^n>. — Hydrochloric  acid  is  obtained  by  gently 
heating  chloride  of  sodium  with  sulphuric  acid. 

Ghtorldeof  Salpharic  add.  Sulphate  of  Hydrochloric 

■odfoin.  Bodiam.  add. 

It  can  also  be  obtained  by  leaving  a  mixture  of  equal  volumes  of 
chlorine  and  hydrogen  for  twenty-fonr  hours  in  difiused  light. 

0  2 
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Hydroohloric  acid  is  gaseous,  but  it  can  be  liquefied  under  the 
influenoe  of  strong  pressure ;  its  density  is  equal  to  the  mean  of  the 
densities  of  its  components ;  it  is  colourless,  and  has  a  very  irritating 
odour. 

Hydrochloric  acid  is  very  soluble  in  water.  This  liquid  dissolyes 
about  500  times  its  volume.  The  solution  constitutes  a  very  acid 
liquid,  giving  off  fumes  when  exposed  to  the  air,  and  is  obtained  by 
means  of  VVoulf  s  apparatus ;  when  distilled,  it  loses  part  of  its  hydro- 
chloric acid,  but  another  part  remains  intimately  combined  with  the 
liquid. 

On  account  of  its  great  solubility  in  water,  hydrochloric  acid  gas 
should  be  collected  over  mercury. 

The  solution  of  hydrochloric  acid  can  be  exposed  for  any  length  of 
time  to  the  air  without  decomposing.  At  a  red  heat,  oxygen  decom- 
poses this  acid  by  setting  its  chlorine  free ;  but,  in  order  to  make 
this  operation  succeed,  a  great  excess  of  oxygen  in  proportion  to  the 
chlorine  must  be  employed.  We  have  seen  that,  in  the  inverse  condi- 
tions, chlorine  decomposes  water. 

Hydrochloric  acid  does  not  act  on  mercurj^  but  it  dissolves  potas- 
sium, sodium,  iron,  zinc,  etc.,  with  great  facility,  and  then  a  chloride 
is  formed  and  hydrogen  is  disengaged. 

Iodine  and  bromine  have  no  action  upon  this  acid. 

Bases  and  basic  anhydrides  react  on  it,  giving  rise  to  metallic  chlo- 
rides and  water. 

'■»■        SI    +    (i}o)    .    ^1    +    (|}o) 

Hydrochloric  Hydrate  of  Chloride  of  Water, 

add.  potaesJum.  potawlam. 

^-  Ko.})  +  CJJfo)  -  ^(SfO  +  (S}o) 

Hydrochloric  Anhydrous  oxide  Cliloride  of  Water, 

acid.  of  aodiom.  aodloiiL 

Added  to  the  solution  of  a  salt  of  silver,  hydrochloric  acid  produces 
a  white  precipitate  of  chloride  of  silver  which  is  quite  insoluble  in 
water. 


?.}  +  ari«)  = 

=    (S"*}o)    +    t^] 

Hydrochloric                   Nitrate  of 
acid.                            silver. 

Nitric  add.                     Ciiloride 

of  silver. 

The  composition  of  hydrochloric  acid  can  be  determined  analytically 
and  synthetically. 

Analytigallt. — A  known  volume  of  this  acid,  in  a  gaseous  state  and 
perfectly  dry,  is  introduced  into  a  curved  tube  placed  over  a  cup  of 
mercury  (fig.  17)  :  in  the  curved  part  of  this  tube  is  placed  a  globule 
of  sodium,  and  heat  is  gently  applied.  The  metal  takes  the  chlorine 
and  sets  free  pure  hydrogen.  This  hydrogen  only  occupies  half  the 
volume  which  was  occupied  by  the  hydrochloric  acid  gas. 
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If  from  the  density  of  hydrooblorio  acid  .      .      .     1*2474 
we  subtract  half  the  density  of  hydrogen  .      .      .     0'0345 

there  remains 1*2129 

which  is  about  half  the  density  of  chlorine. 

A  volume  of  hydrochloric  acid  gas  contains  therefore  half  a  volume 


Fig.  17. 

of  chlorine  and  half  a  volume  of  hydrogen  united  without  oonden- 
sation. 

Synthetically. — Two  known  volumes  of  hydrogen  and  chlorine  are 
mixed,  taking  care  that  the  hydrogen  be  in  excess ;  they  must  be 
left  for  twenty-four  hours  in  diffused  light,  and  then  the  hydrochloric 
acid  produced  must  be  absorbed  by  potassium.  The  gas  which 
remains  is  pure  hydrogen,  of  which  the  volume  must  be  determined, 
and  this,  subtracted  from  the  volume  of  hydrogen  which  the  mixture 
contained,  gives  the  combined  hydrogen.  Then,  as  a  volume  of  chlo- 
rine takes  a  volume  of  hydrogen  to  form  hydrochloric  acid,  and  as 
moreover  no  contraction  is  observed  during  the  combination  of  these 
gases,  the  conclusion  arrived  at  is,  that  a  volume  of  chlorine,  on  uniting 
with  a  volume  of  hydrogen,  gives  two  volumes  of  hydrochloric  acid. 

From  this  knowledge  of  the  volumes  which  enter  into  combination, 
it  is  easy  to  arrive  at  their  composition  by  weight ;  and  if  we  consider 
that  the  weights  of  equal  volumes  of  chlorine,  hydrogen,  and  hydro- 
chloric acid  are  proportional  to  the  respective  densities  of  these  gases, 
we  can  place  the  proportions  : 

1-2474  :  1-2129  : :  100  :  x\  that  is  to  say,  x  =  1:2129  X  100  ^  ^^^^^ 

1-2474 

and 

1-2474  :  0-0345  ::  100:a;  that  is  to  say,a;  =  ^^^  ^  ^^^  =  2-76 

1-2474 

which  gives  for  the  centesimal  composition  of  hydrochloric  acid : 

Chlorine 97-24 

Hydrogen 276 

100-00 
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Hydrochloric  acid  diluted  with  water  is  sometiines  employed  in 
medicine  to  make  mbe&cient  footbaths. 

Hydrobromic  Add. — Pure  hydrobromic  acid  cannot  be  obtained  by 
making  snlphnric  acid  act  on  a  bromide,  as  snlphnric  acid  partially 
decomposes  hydrobromic  acid. 

It  is  obtained  by  cansing  water  to  act  on  the  bromide  of  phosphorus. 

M  +  »(S)o)  -  (l?}^')  +  B(=}) 

Bromide  Water.  Phospboroiu  Hydrobromic 

of  phcMpborue.  add.  add. 

The  operation  is  usually  conducted  so  that  the  bromide  is  produced 
and  destroyed  in  the  same  process :  the  bromine  is  made  to  fall  drop 
by  drop  into  a  yase  which  contains  amorphous  phosphorus  and 
water. 

Hydrobromic  acid  can  also  be  obtained  by  the  direct  action  of 
bromine  on  hydrogen ;  but  in  order  that  the  combination  may  take 
place,  a  mixture  of  hydrogen  and  bromine  vapour  must  be  subjected 
to  a  red  heat,  and  even  then  it  is  never  complete. 

The  properties  of  hydrobromic  acid  are  similar  to  those  of  hydro- 
chloric acid ;  nevertheless,  the  two  following  differences  exist : 

1st.  The  solution  of  hydrobromic  acid  exposed  to  air  becomes 
coloured  by  a  little  of  the  bromine  being  set  free  without  the  decom- 
position continuing.  Nothing  of  the  kind  can  be  produced  with  hydro- 
chloric acid. 

2nd.  Under  the  influence  of  chlorine,  hydrobromic  add  sets  free 
bromine,  and  at  the  same  time  hydrochloric  acid  is  formed. 

Hydriodie  Add. — This  acid  is  prepared  by  decomposing  iodide  of 
phosphorus  by  water.  In  order  that  the  iodide  of  phosphorus  may  be 
produced  and  decomposed  in  the  same  operation,  a  mixture  of  iodine 
and  phosphorus,  with  a  small  quantity  of  water,  is  heated  in  a  retort. 

Hydriodie  acid  can  also  be  obtained  in  solution  by  the  decomposi- 
tion of  hydrosulphuric  acid  under  the  influence  of  iodine. 

^(i}s)  +  KJf)  ■  *(?})  *  i) 

Hydnaalphnrlc  Iodine.  Hydriodie  Salphar. 

add.  add. 

It  cannot  be  prepared  by  direct  sjmthesis,  as  iodine  and  free  hydrogen 
do  not  react  on  each  other  under  any  conditions. 

The  characters  which  distinguish  hydriodie  acid  from  the  two  pre- 
ceding acids  are  the  following : — 

1st.  The  solution  of  hydriodie  acid  undergoes  a  continuous  decom- 
position when  brought  into  contact  with  air,  and  forms  water  and  free 
iodine. 

Hydriodie  Oxygen.  Water.  Iodine, 

add. 
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The  metalloid  is  at  first  dissolved,  colouring  the  liquid  brown.  As 
the  quantity  of  hjdriodic  acid  which  the  liquid  contains  diminishes 
constantly,  while  that  of  the  free  iodine  increases,  this  latter  body  can 
at  last  no  longer  be  held  in  solution,  and  is  deposited  in  very  volu- 
minous crystals. 

2nd.  Hydriodio  acid  is  decomposed  by  chlorine  and  by  bromine, 
either  of  which  set  iodine  free. 

^(?()  H-  i;}  =  .(?,})  .  1} 

Hydrfodlc  Bromine.  Hydrobromio  Iodine, 

add.  add. 

On  the  contrary,  if  hydriodic  acid  be  made  to  act  on  bromide  or 
chloride  of  silver,  hydrobromio  or  hydrochloric  acid  would  be  pro- 
duced, and  iodide  of  silver. 

^}  +  ?}  -  ?^}  +  §} 

Chloride  of  Hydriodic  Iodide  of  Hydrochlorio 

silver.  add.  silver.  ackl. 

8rd.  Hydriodic  acid  is  decomposed  by  mercury,  forming  iodide  of 
mercury  and  free  hydrogen. 

Hydriodic  Mercuiy.  Biniodideof  Qydrogen. 

add.  mercury. 

This  property  is  the  reason  why  hydriodic  acid  gas  cannot  be  collected 
over  mercury,  and  as  its  great  solubility  prevents  its  being  collected 
over  water,  it  is  necessary  to  use  the  same  process  as  for  chlorine. 
Its  great  density  causes  it  to  displace  air  readily. 

As  hydriodic  acid  cannot  be  collected  over  mercury  it  cannot  be  ana- 
lyzed ;  but  if  we  subtract  from  its  density  the  half  of  the  density  of 
hydrogen,  a  number  remains  evidently  equal  to  the  half  of  the  density  of 
the  vapour  of  iodine ;  moreover,  this  acid  obeys  the  same  general  system 
of  reactions  as  hydrochloric  and  hydrobromio  acids,  and,  like  them,  it  is 
therefore  formed  of  half  a  volume  of  hydrogen  united,  without  conden< 
sation,  to  half  a  volume  of  the  vapour  of  iodine. 

Hydrofluoric  Aoid. — This  compound  is  prepared  by  the  action  of 
sulphuric  acid  on  the  fluoride  of  calcium. 

©;'})  +  (Do-)  -  ec?»  +  Kni) 

Flnorideof  Salphuricadd.  Sulphate  of  Hydrofluoric 

caldum.  ciUdum.  add. 

The  product  thus  prepared  is  liquid  at  the  ordinary  temperature, 
but  when  heated  with  phosphoric  anhydride,  the  wat^r  which  it  con- 
tains is  absorbed,  and  hydrofluoric  acid  is  obtained  in  a  gaseous  state, 
like  its  two  congeners.  Hydrofluoric  acid  has  much  greater  stability 
than  liydrochlorits  acid.  It  acts  on  glass,  which  property  can  be 
utilized  for  engraving  on  this  body ;  and  by  reacting  on  oxide  of  silver, 
hydrofluoric  acid  forms  a  soluble  fluoride  of  silver. 
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Hydrofluorio  acid  is  a  powerful  poison ;  if  a  few  drops  fall  on  the 
skin  they  produce  a  bum  which  is  slow  to  heal,  and  is  accompanied  by 
inflammation. 

These  various  properties  distinguish  hydrofluoric  acid  from  the 
three  preceding  hydracids,  to  which  by  its  other  characters  it  is 
related. 

This  analogy  enables  us  to  give  to  this  acid  the  formula  p^  > ;  though 

isolated  fluorine  not  being  known,  a  certain  analysis  cannot  be  made, 
and  the  facility  with  which  it  acts  on  glass  has  prevented  its  vapour 
density  being  determined,  and  consequently,  also,  its  molecular  weight. 


GENERAL  REMARKS  ON  THE  MONATOMIC  METALLOIDS. 

There  is  little  to  be  said  concerning  these  bodies  from  a  general 
point  of  view,  that  is  to  say,  concerning  any  general  theory  of  the  com- 
binations to  which  they  can  give  rise.  Each  of  them  having  a  capa- 
city for  saturation  equal  to  1,  can  only  combine  with  a  single  atom  of 
another  monatomic  body ;  hence  the  number  of  their  combinations  is 
very  limited. 

Terohloride  of  iodine  (ICP)  seems  an  exception  to  this.    M.  Kekul^ 

CI  1 
supposes  that  it  is  the  result  of  the  union  of  a  molecule  of  chlorine  Xi  > 

with  a  molecule  of  protochloride  of  iodine  pj  >.     According  to  this 

hypothesis,  the  chlorine  would  be  united  to  the  protochloride  as  the 
water  of  crystallization  is  to  the  different  substances  which  enter  into 
the  composition  of  hydrated  crystals.  The  perchloride  of  iodine  would 
then  be  written : 


(ci}ci}) 


/      f  OC*H'0\ 
But  the  existence  of  the  body  1 1'"  {  OCH*0 1  which  results  from  the 

\      i  OC'H'O/ 
replacement  of  three  atoms  of  chlorine  of  this  chloride,  by  three  of 
oxacetyl,  proves  that  iodine  is  really  triatomio,  though  it  nearly  always 
acts  as  monovalent. 


SECOND  GROUP  (BIATOMIC  METALLOIDS). 


Of 


Atomic  Weight  =  16.    Molecular  weight  s  39. 

Oxygen  can  be  prepared  in  several  different  ways : 
1st  By  heating  mercuric  oxide,  which  is  resolved  into  oxygen  and 
mercury. 


OXYGEN. 
2(HgO)       =       2Hg        +       °} 

Merenrtc  Mwcury.  OjMen. 

The  flame  of  a  spirit  lamp  suffices  for  this  operation  (fig.  18). 


ng.18. 
2ud.  By  beating  the  binoxide   of  manganese  to    redness  in  an 
earthenware  retort,  when  it  gives  off  the  third  part  of  its  oxygen. 

3(MnO^       =       (Mn'O)       +      g[ 

FeroiMe  of  Rrd  oildt  of  OijgaL 

Afi  binoxide  of  manganese  always  contains  a  little  carbonate  of  the 
same  metal,  the  oxygen  thus  produced  is  accompanied  by  carbonio 
anh  jdride.  To  remove  this,  before  colleoting  the  gas,  it  is  made  to 
pass  through  a  phial  with  three  tubes  arranged  like  Woulfe  apparatus, 
and  containing  a  solution  of  potash  (fig.  19). 


fiftii. 


3rd.  By  gently  beating  binoxide  of  manganese  with  sulphuric  acid, 
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when  sulpbate  of  manganese  &nd  water  are  formed,  and  half  the  oiygen 
which  the  binoxide  contained,  is  disengaged  (fig.  20). 


As  carbonate  of  manganese  when  cold  loses  by  the  action  of  sal- 
phuiic  aoid  all  the  carbonic  anhydride  which  it  is  capable  of  dis- 


engi^png,  it  snfRoes  to  leave  the  preceding  mixture  to  itself  for  some 
time  before  heating  it,  in  order  that  the  oxygen  collected  may  be 
nearly  pure. 

4th.  By  heating  chlorate  of  potaasium ;  oxygen  is  disengaged,  and 
there  remains  chloride  of  potassium. 


This  reaction  is  greatly  assisted  by  mixing  with  the  chlorate  of 
potassium  a  small  quantity  of  oxide  of  copper,  sesquioxide  of  iron, 
or  binoxide  of  manganese.  These  oxides  act  by  catalysis  without 
taking  part  in  the  reaction. 

5th.  By  gently  heating  bichromate  of  potassium  with  sulphuric 
aoid ;  oxygen  is  formed,  and  at  the  same  time  water,  persulphate  of 
chromium,  and  sulphate  of  potassium. 


OXYGEN.  91 

Bichromate  of  Sulphuric  add.  Perenlphate  of 

poCaaalum.  chromiam. 

H-      K^IO-)      +       8(1(0)      +      3(°}) 

Salpliate  of  Water.  Ozygen. 

potasBlom. 

6th.  When  baryta  is  heated  to  a  low  red  heat  in  a  current  of  dry  air, 
it  absorbs  ozygen,  and  is  transformed  into  binoxide  of  barium. 

2(BaO)       +       gl       +       2('BaO») 

Barjrta.  Oxygen.  Binoxlde 

of  barium. 

If  the  onrrent  of  air  be  then  arrested,  and  the  temperature  increased 
to  a  strong  red  heat,  the  binoxide  of  barium  is  destroyed  with  the 
production  of  oxygen  and  the  reproduction  of  baryta. 

2(BaO«)       =       2(BaO)       +      ^l 

Biuoxide  of  Btzyta.  Oxygen, 

barimn. 

With  the  same  baryta  a  great  quantity  of  oxygen  can  be  taken  from 
the  air.  This  oxide,  ncTertheless,  cannot  be  used  indefinitely ;  at  the 
end  of  a  certain  time  it  loses  its  power  of  absorbing  the  oxygen  of  the 
air  on  account  of  a  species  of  yitrification  which  is  produced  on 
its  surface. 

7th.  By  the  decomposition  of  water  by  the  galvanic  battery :  care 
must  be  taken  to  acidulate  the  liquid  with  a  little  sxdphuric  acid,  in 
order  to  make  it  a  better  conductor  of  electricity.  The  electrodes 
ought  to  be  of  platintmi,  or  they  will  oxydize  instead  of  the  oxygen 
being  disengaged.    The  oxygen  is  collected  at  the  positive  pole. 

^(i}o)  .  »(!))  .  8) 

Water.  Hydrogen.  Oxygen. 

8th.  Oxygen  can  be  obtained  by  decomposing  oxygenized  water  by 
certain  bodies  which  exercise  on  it  a  catalytic  action;  pulverulent 
silver,  for  instance ;  oxygen  is  disengaged  and  water  remains. 

Oxygenized  water.  Water.  Oxygen. 

When  we  wish  to  make  nascent  oxygen  act  on  other  substances,  we 
prefer  the  mode  of  preparation  by  the  action  of  sulphuric  acid  on 
bichromate  of  potassium  or  binoxide  of  manganese.  When,  on  the 
contrary,  we  wish  to  collect  free  oxygen,  we  prefer  to  obtain  it  from 
chlorate  of  potassium. 

Oxygen  is  gaseous  at  all  the  temperatures  and  under  all  the  pressures 
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which  we  can  produce.  Its  density  is  1-105  ;  water  dissolves  0*046  of 
its  volume ;  it  is  tasteless,  inodorous,  and  colourless.  Oxygen  is  the 
principal  body  which  maintains  the  combustion  of  organic  substances. 
If  a  match  or  a  taper  in  a  state  of  incandescence  be  plunged  into  it, 
these  bodies  will  burst  into  flame  and  bum  very  brightly. 

Sulphur  and  phosphorus  bum  in  oxj'gen  with  extraordinary  bril- 
liance. This  is  also  the  case  with  iron  :  a  spiral  lamina  of  this  metal,  to 
which  is  attached  a  piece  of  lighted  tinder,  takes  fire  when  placed  in 
pure  oxygen.  The  heat  disengaged  is  Ruch  that  the  oxide  of  iron  pro- 
duced encrusts  the  glass  in  which  the  experiment  takes  place,  even 
after  it  has  passed  through  some  centimetres  of  water. 

We  have  already  seen  that  oxygen  combines  with  hydrogen  with 
explosion,  either  when  the  mixture  of  the  two  gases  is  ignited,  or 
when  it  is  placed  in  contact  with  spongy  platinum. 

Oxygen  has  a  great  affinity  for  carbon  :  among  metals,  caesium,  rubi- 
dium, x)otassium,  sodium,  and  lithium,  are  those  with  which  it 
combines  with  the  greatest  energy. 

Oxygen  is  the  only  gas  which  can  support  respiration ;  if  it  were 
pure,  this  function  would  be  too  active,  and  inflammation  of  the 
respiratory  organs  would  result.  This  gas  enters  into  the  composition 
of  atmospheric  air,  of  which  it  forms  about  the  fifth  part. 

Allotropic  States. — Disengaged  by  means  of  the  galvanic  battery 
at  a  low  temperature,  oxygen  possesses  much  greater  activity  fhan 
when  obtained  by  any  oUier  process.  It  can  then  combine  directly 
with  silver  and  mercury,  set  free  iodine  from  iodide  of  potassium,  bum 
organic  substances  when  cold,  etc. ;  and,  further,  it  possesses  a  peculiar 
electrical  odour.     Oxygen  thus  modified  is  called  ozone. 

Mr.  Andrews  believed  that  ozone  contained  eight  atoms  of  oxygen,  but 
fresh  experiments  have  induced  him  to  abandon  that  opinion. 

When  oxygen  is  transformed  into  ozone,  a  contraction  is  observed  in 
the  mass ;  but  when  the  ozone  which  the  gas  contains  is  absorbed,  no 
contraction  is  produced.* 

Two  theories  may  account  for  this  phenomenon  :  the  first  consists  in 
admitting  that  the  ozone  is  in  such  a  state  of  condensation  that  its  dis- 
appearance by  the  side  of  a  great  excess  of  oxygen  gives  no  appreciable 
diminution  of  volume. 

O ) 
By  the  second,  we  suppose  a  molecule  of  ordinary  oxygen  q  [  to 

be  united  in  the  ozone  to  an  atom  of  allotropic  oxygen  Q  with  contraction 
of  a  third ;  the  ozone  will  then  answer  to  the  formula  q  >  Q,  and 

will  contain  a  volume  of  ordinary  oxygen  equal  to  its  own.  .  If  we 
cause  reaction  to  take  place  between  ozone  and  a  body  which  is  oxy- 
dized  by  it,  there  remains  ordinary  oxygon,  which  occupies  exactly  the 
volume  which  the  ozone  occupied ;  there  is  no  contraction. 

*  M.  Soret  has  rcoontly  abeorbod  the  whole  molecule  of  ozone  by  means  of  oil  of 
turpentine. — ^Trans. 


OXYGEN.  93 

This  is  the  most  probable  theory;  it  represents  ozone  by  the 
formula  (q  \Q\  which  makes  the  H*  of  oxygenized  water  to  be  re- 
placed by  O. 

At  300°  ozone  is  converted  into  ordinary  oxygen.  To  detect  the  pre- 
sence of  ozone,  a  piece  of  paper  steeped  in  a  solntion  of  iodide  of 
potassium  containing  starch  is  used;  the  iodine  set  free  coming  in 
contact  with  the  starch,  the  paper  assumes  a  blue  tint. 

As  other  bodies  give  the  same  reaction  it  is  preferable  to  use  red- 
dened litmus  paper  steeped  in  a  solution  of  iodide  of  potassium ;  ozone 
decomposes  this  salt,  and  forms  oxide  of  potassium :  this,  on  contact 
with  moisture,  makes  the  litmus  blue.  Care  must  be  taken  to  place 
by  the  side  of  the  ozonoscopic  paper  another  paper  of  reddened  litmus, 
to  proTe  that  the  blue  colour  is  really  due  to  ozone,  and  not  to  the 
accidental  presence  of  a  small  quantity  of  ammonia. 

Ozone  exists  in  woods  and  fields,  and  wherever  there  is  active  vege- 
tation. In  hffgQ  towns,  on  the  contrary,  and  in  houses,  or  wherever 
there  are  numbers  of  men  or  animals  collected,  ozone  disappears,  or  at 
least  diminishes. 

It  is  alscf  stated  that  ozone  disappears  during  great  epidemics.  Are 
these  epidemics  owing  to  the  disappearance  of  the  ozone,  which,  being 
no  longer  in  sufficient  quantity  to  destroy  the  miasmata,  enable  these 
to  accumulate  ?  or  are  they  not  rather  owing  to  the  production  of  such 
a  quantity  of  miasmata  that  the  ozone  is  not  sufficient  to  destroy  them  ? 
In  other  words,  are  epidemics  the  cause  or  the  result  of  the  dis- 
appearance of  ozone  P    At  present  this  is  undetermined. 

M.  Schoenbein,  to  whom  we  owe  the  discovery  of  ozone,  admits 
another  allotropio  state  of  oxygen,  which  he  calls  antozone.  Ozone  would 
be  oxygen  negatively  electrified,  which  would  form  ^,  and  antozone 
oxygen  positively  eleotiified  (+).  These  two  oxygens  would  have  the 
property  of  reciprocally  destroying  each  other,  and  thereby  passing 
again  to  the  state  of  ordinary  oxygen  by  means  of  the  reciprocal 
neutralization  of  their  electricities ;  both  would  be  called  in  a  general 
way  active  oxygen,  in  order  to  indicate  their  chemical  energy.  M. 
Schoenbein  has  stated  that  when  binoxide  of  barium  is  made  to  act  on  a 
mixture  of  sulphuric  acid  and  permanganate  of  potassium  in  the  cold, 
active  oxygen  is  obtained  differing  somewhat  from  ozone ;  and  further, 
it  appears  that  this  gas  mixed  with  ozone  brings  the  latter  back  to  the 
state  of  ordinary  oxygen,  itself  also  returning  to  the  same  state. 

This  would  lead  us  to  consider  this  allotropic  state  of  oxygen  as 
being  antozone.     According  to  the  hypothesis  we  have  admitted  as  to 

the  constitution  of  ozone,  the  formula  of  antozone  would  be  (of©)' 

Quite  recently  M.  Baudrimont  has  announced  new  experiments  which 
would  justify  M.  Schoenbein's  theory,  but  as  he  has  not  published 
them  we  cannot  pronounce  on  their  value. 
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COHBINATIOHS  OF  OxYOES  WITH  HYBEOaEiT. 

"Water  (H*0)  =  (jj  f  oY — Until  the  end  of  the  last  century  water 
was  oonfiidored  to  be  a  simple  body.  Cavendish  was  the  first  to  ob- 
serve that  this  substance  is  formed  hy  the  combnBtion  of  hydrt^en,  and 
from  this  fa(!t  he  deduced  hypothetioally  the  composition  tj  water. 
Lavoisier  soon  vorified  this  conjecture.  He  caused  the  vapour  of  water 
to  pass  through  a  porcelain  tiibe  heated  to  rednees  and  containing  iron 
filings,  and  found  that  decomposition  took  place ;  that  oxygen  re- 
mained fixed  by  the  iron,  the  weight  of  which  was  increased,  while 
hydrogen  was  disengaged.  It  was  not  nntil  later  that  the  quantitative 
composition  of  water  was  exactly  determined. 

This  determination  may  be  made  either  analytically  or  syntheti- 

ANALYncALLT. — ^Water  is  placed  in  a  glass  vessel  A  (fig.  21),  the 


bottom  of  which  ia  pierced  by  two  holes.  Through  these  holes  two 
platinum  wires  arc  fixed,  whose  ends  terminate  in  graduated  test  tubee 
B  and  C,  full  of  water,  and  inverted  in  the  vessel.  Then  the  wires  D 
and  E  are  placed  in  communication  with  the  opposite  poles  of  a  gal- 
vanic battery.  Immediately  gas  bubbles  are  formed  at  the  ends  of  the 
wires  and  are  collected  in  the  tubee.  If  after  a  certain  time  the  volume 
of  gas  produced  be  measured,  it  will  be  fonud  that  the  gas  developed  at 
the  positive  pole  occupies  half  the  volume  of  that  which  is  developed 
at  the  negative  pole  ;  and  further,  that  the  first  of  these  gases  is  pore 
oxygen  and  the  second  pure  hydrogen.  To  facilitate  this  experiment, 
the  water  of  the  voltameter  (the  name  of  the  apparatus  we  have 
just  described)  should  be  acidulated  with  a  little  sulphurio  acid  to 
make  it  a  better  condnctor. 
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Water  therefore  is  formed  of  two  volnmea  of  hydrogen  and  ono  of 
oxygen.    Adding  to 

the  double  density  of  bydrogen 0*1384 

the  density  of  oxygen 1'105 

we  obtain  the  ntimber 124^4 

which  repreBents  very  nearly  the  double  of  the  doneif^  of  the  vapour 
of  water,  0"622 ;  we  thence  conclude  that  the  two  volumee  of 
hydn^en  and  the  volume  of  oxygen  are  condensed  into  two  vuliunee. 

Knowing  the  density  of  hydrogen,  of  oxygen,  and  of  the  vapour 
of  water,  it  is  easy  to  transform  the  preceding  numbers  into 
weights. 

STNTHCTiCALtT. — We  Can  operate  either  by  the  aid  of  the  eudiometer 
or  by  M,  Dumas'  process. 

Bg  the  Eudiometer.— ThiA  is  a  thick  bell-glass  (Sg.  22)  with  two 
holes  in  its  upper  part,  in  which  are  &steDod  two  iron 
rode,  terminated  at  each  end  by  a  little  balL  The  two 
internal  ballB  C  and  D  nearly  touch,  while  of  those 
on  the  exterior,  one  B  is  free,  and  the  other  A  has  at- 
tached to  "it  a  metallic  chain  AF,  which  is  longer  b 
than  the  eudiometer.  At  the  lower  part  of  the  bell- 
glass  is  an  iron  bar,  on  which  can  be  adjusted  at  will 
a  moveable  slide  of  the  same  metal  E,  having  a  narrow 
hole  in  the  centre. 

In  determining  the  composition  of  water  by  this  in- 
strument, we  introduce  into  it  a  measured  volume  of 
hydrogen ;  let  this  be  4",  and  a  volume  of  oxygen 
also  measured,  which  we  will  suppose  equal  to  4°°. 
This  done,  and  the  eudiometer  being  closed  at  its 
lower  end  by  the  metallic  piece  of  which  we  have 
spoken,  and  being  placed  in  a  bath  of  mercury,  the 
chain  AF  is  placed  in  the  mercuiy,  and  a  charged 
clectrophorus  is  brought  to  the  ball  B.  A  spark 
passes  between  the  electrophorus  and  this  ball,  and 
another  between  the  two  interior  balls  D  and  C.  This 
latter  spark  causes  the  combination  of  the  oxygen  and 
hydrogen.  "«^ 

After  the  explosion,  the  gas  remaining  is  poured  info  a  graduated 
tnbe  and  measured.  In  the  oonditions  we  have  supposed,  there  would 
remain  2°°  of  pure  oxygen ;  the  oxygen  that  has  disappeared  would 
therefore  occupy  2",  and  tlie  hydrogen  4";  consequently,  the  water 
formed  is  composed  of  two  volumes  of  oxygen  and  four  volumes  of 
hydrogen,  or,  reducing  the  proportion  to  the  most  simple  expression, 
of  two  volumes  of  hydrt^en  and  one  volume  of  oxygen. 

M.  Dumas'  Proeett. — M.  Dumas  has  invented  a  process  in  which 
weights  are  employed  instead  of  volumetric  measures.  His  apparatus 
consists  of  tiirce  parte :  the  first  of  which  is  intended  for  the  production 
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and  parification  of  tte  hydrc^n :  the  second  for  the  ByntheBie  of  the 
water,  and  the  third  for  the  colleotion  of  the  water  fonned  in  the 
aecond. 

The  hydrogen  is  produced  iu  the  ordinary  manner  in  a  flask  with 
twotubulurea  (fig.  23)  A,  by  means 
of  anlphurio  acid  and  zinc.  It  is 
made  to  traverse :  lat,  two  U-shaped 
tnbes  &6,  containing  sulphate  of 
silver  j  this  salt  absorbs  the  phos- 
phoric and  arsenical  compoimds 
which  the  hydrogen  contains,  and 
which  are  due  to  the  impurities  of 
the  zino  :  2nd,  a  tnbe  c,  containing 
acetate  of  lead ;  this  body  absorbs 
the  last  traces  of  the  sulphuretted 
hydrogen  coming  from  the  same 
source :  Srd,  two  tubes  dd  full  of 
potash;  this  base  absorbs  an  oil 
which  also  arises  from  the  impu- 
rities of  the  zinc  as  well  as  traces 
of  acetic  acid  Tapour  resulting  from 
the  action  of  sulphuretted  hydrogen 
^  on  the  acetate  of  lead  in  the  tube  C : 
*  4th,  two  U-shaped  tubas  ee  full  of 
phosphoric  anhydride  to  dry  the 
gases :  5th,  a  small  tube  full  of 
pumice-stone  steeped  in  sulphuric 
aoid,  which  is  weighed  both  before 
and  after  the  operation  i  this  tube 
ought  always  to  maintain  the  same 
weight,  and  so  indicate  that  no- 
thing has  deposited  in  its  interior, 
and  consequently  that  the  gas  is 
dry. 

Pure  hydrogen  then  paasea  ioto 
the  second  part  of  the  apparatus, 
constituted  of  a  glass  globe  with 
two  tubes  B,  in  which  very  dry 
oxide  of  copper  has  been  placed. 

The  gas  on  coming  out  of  this 

globe  passes  into  the  third  part  of 

the  apparatus.    This  third  part  is 

composed  thus ;  a  of  a  globe  with 

two  tubes  C  ;  j8  of  two  U-tubes  gg  full  of  pumioe-stone  moistened  with 

sulphuric  acid  i  y,  of  a  small  test  tube  analogous  to  the  two  preceding 

When  Ihis  apparatus  ia  used  the  globe  B  is  weighed  after  having 
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had  oxide  of  copper  introduced  into  it,  let  P  be  its  weight ;  the  globe  C 
is  also  weighed,  and  likewise  the  two  tabes  with  acidulated  pumice  gg, 
let  p'  be  the  sum  of  their  weights ;  then  the  apparatus  is  mounted,  and 
hydrogen  is  passed  into  it  until  all  the  air  is  entirely  expelled,  after 
which  the  globe  containing  the  oxide  of  copper  is  heated,  continuing 
the  gaseous  current.  Under  the  simultaneous  influences  of  heat  and 
hydrogen,  the  oxide  of  copper  loses  its  oxygen  and  water  is  formed. 
This  water  in  vapour  passes  into  the  globe  C,  where  it  becomes  partly 
condensed,  then  into  the  tubes  gg^  which  retain  all  that  which  was  not 
already  condensed. 

When  the  operation  has  lasted  long  enough,  the  current  of  hydrogen 
is  arrested,  and  it  is  replaced  by  a  current  of  air,  after  the  globe  B  has 
become  cold ;  thus  the  apparatus  is  again  filled  with  air,  which  is  neces- 
sary in  order  to  avoid  an  error  in  weight  which  would  result  from 
the  difference  in  the  density  of  hydrogen  and  air. 

The  apparatus  being  taken  to  pieces,  the  globe  B  is  weighed  on  the 
one  hand,  and  on  the  other  the  globe  C  with  ^e  tubes  gg. 

The  weight  jp  of  the  globe  B  is  less  than  its  weight  P  before  the 
experiment,  on  account  of  the  loss  of  oxygen  which  the  oxide  of  copper 
has  experienced.  P— jp  represents  the  weight  of  this  oxygen.  The 
globe  C  and  the  tubes  gg  have  together  a  weight  P'  greater  than  their 
weight  jp'  before  the  experiment,  on  account  of  the  water  which  is 
fixed  therein.    P  — jp'  represents  the  weight  of  the  water  formed. 

Finally,  on  subtracting  £rom  the  water  P'—p'  the  weight  of  the 
oxygen  P  — jp,  the  difference  gives  the  weight  of  the  hydrogen  which 
this  water  contains. 

On  transforming  the  composition  found  into  hundred  parts,  by  means 
of  proportion,  we  see  that  100  parts  of  water  contain:  hydrogen, 
11-11;  oxygen,  88-89. 

Water  is  liquid  at  ordinary  temperatures,  at  0^  it  becomes  solid,  and 
at  100**  it  vaporizes.  If  water  be  carefully  protected  from  agitation, 
it  can  be  cooled  to  —12^  without  becoming  congealed,  but  the  least 
agitation  induces  the  immediate  congelation  of  the  mass,  and  the  tem- 
perature rises  to  0°. 

Ice  is  crystallized ;  but  its  crystals  are  so  intermingled  that  they 
appear  under  the  form  of  a  continuous  transparent  mass.  It  is  as  snow 
that  we  can  best  study  their  form,  which  is  that  of  prisms  belonging 
to  the  fourth  system,  grouped  in  stars. 

Liquid  water  presents  a  maximum  density  at  4°,  and  it  is  at  this 
temperature  that  its  density  is  considered  as  equal  to  1.  The  density 
of  ice  is  0*94,  and  the  density  of  the  vapour  of  water  0*6234. 

Pure  water  has  neither  smell  nor  taste ;  it  has  very  great  solvent 
powers,  but  these  do  not  extend  to  fatty  substances,  nor  in  general  to 
organic  substances  very  much  hydrogenized  or  highly  carbonized. 

Water  combines  directly  with  acid  anhydrides  to  form  acids,  and 
with  basic  anhydrides  to  form  bases,  when  the  acids  or  bases  which 
would  arise  have  an  even  atomicity;    when,  on  the  contrary,  their 
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atomicity  is  uneven,  they  are  still  produced,  but  by  double  decompo- 
sition and  not  by  direct  combination. 


(SO-)    ^ 

Snlphurlc 
anhydride. 

(11°) 

Anhydroofl 
oxide  of  potaaaiusL 


(il°)   - 


Water. 


(^'1  <^) 

Salphurfo  acid. 


(i}°)  =  <il°) 


Water. 


Hydrate  of 
potajwinm. 


The  water  of  lakes,  rivers,  and  seas,  is  not  pure.  The  surest  means 
of  purifying  it  is  by  distillation.  This  is  performed  in  apparatus  called 
alembics  or  stills ;  these  apparatus  are  composed  of  three  parts:  one  in 
which  the  water  is  reduced  into  vapour ;  another,  where  the  condensed 
vapour  is  received,  and  the  third  which  serves  as  a  communication 
between  the  other  two.  This  third  part  usually  consists  of  a  long 
spiral  tube. 

In  cold  countries,  instead  of  distillation,  coi^elation  may  be  used. 
When  only  a  part  of  the  mass  of  impure  water  is  congealed,  the  impu- 
rities accumulate  in  the  portion  of  water  that  remains  liquid,  and  the 
ice  is  almost  pure. 

As  an  article  of  food,  water  ought  to  be  aerated,  and  should  only 
contain  a  very  small  quantity  of  salts  in  solution,  and  no  appreciable 
quantity  of  organic  matter.  When  it  contains  an  excessive  proportion 
of  calcareous  salts  it  produces  indigestion ;  and  when  it  contains 
organic  substances  it  possesses  septic  properties  which  render  its  use 
dangerous. 

Natural  waters  sometimes  contain  substances  in  solution  sufficient 
to  render  them  useful  in  medicine,  and  are  then  called  mineral  waters. 

Oxygenated  Water,  or  Binozide  of  Hydrogen  (tt  [  0^)* — Oxyge- 
nated water  is  obtained  by  the  reaction  of  hydrochloric  acid  on  bin- 
oxide  of  barium. 


rBa"0») 

Binoxide  of 
barium. 


»(?>!)   -  (i}°-) 


Hydrochloric 
acid. 


Oxygenated 
Water. 


©1) 

Chloride 
of  barium. 


Oxygenated  water  is  very  instable ;  under  the  influence  of  heat  it 
is  decomposed  into  water  and  oxygen ;  moreover,  it  gives  rise  to  three 
curious  orders  of  reactions. 

Certain  bodies  decompose  it  into  oxygen  and  water  by  catalytic 
action  without  themselves  taking  part  in  the  reaction;  as  pulveru- 
lent metallic  silver  or  platinum,  etc. 

Other  bodies  decompose  oxygenated  water,  but  then  become  oxi- 
dized themselves ;  such  as  oxide  of  zinc,  oxide  of  strontium,  etc. ;  and, 
finally,  a  third  class  of  bodies,  at  the  head  of  which  oxide  of  silver 
must  be  placed,  have  the  property  of  losing  their  oxygen  under  the 
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inflnenoe    of  oijgetM/ed  water  wliile  it  is  also  at  the  same  time 
redaced. 


This  last  reaction  may  be  explained  by  supposiiig  that  the  atoms  of 
oxygen  which  leave  the  silver  and  water  have  more  affiuity  for  each 
other  than  for  the  bodies  to  which  they  were  united,  and  that  conse- 
qaently  they  separate  from  these  latter  and  nnite  together  to  form  a 
molecule  of  free  oxygen.  M..  Schoenbein  even  says  that  these  atoms  of 
oxygen  are  electrified,  but  each  in  a  contrary  manner.  If  it  be  so, 
we  mnst  conceive  an  oz^enated  water  electrified  inversely  to  that 
known  already.  In  fact,  M.  Baudrimont  eays  he  has  obtained  such  a 
body  by  decomposing  binoxide  of  manganese  by  processes  be  has  not 
published. 

COKBISATIONB  OF  OxYOEN   WITH   ChLORINE. 

There  exist  several  oxygenated  compounds  of  chloiine.  They  are 
hypochlorona  anhydride  (C1*0),  chlorous  anhydride  (d'O"),  peroxide  of 
chlorine  (CIO*),  chloric  acid  (CIHC),  and  perchloric  acid  (CIHO). 

Besides  these,  there  seems  to  be  an  oxide  of  chlorine  (CIO)  in  exiat- 
eace  which  is  not  accurately  known, 

HypoohlorouB  Anliydride  (01*0)  is  prepared  by  passing  a  current 
of  chlorine  in  a  perfectly  dry  state  through  a  glass  tube  filled  with 
oxide  of  mercury  obtained  by  precipitating  a  per-salt  of  mercury  by 


potash  (fig.  24).     The  hypochlorons  anhydride  which  disengages  dming 
this  reaction  is  collected  in  a  receJTer  placed  in  a  freezing  mixture. 


100  PRINCIPLES  OF  CHEMISTRY. 

where  the  gas  liquefies.    Care  must  be  taken  daring  the  operation  to 
oool  the  tube  which  contains  the  oxide  of  mercury. 
The  following  equation  explains  this  reaction : 

2(Hg"0)     +     2(g})     =     (Hg-KXJl-)     +     (g)0) 

Protozldeof  Cblortne.  Ozychlorlde  of  Qjpochlorong 

xnereory.  mercoiy.  anhydride. 

Hypochlorous  anhydride  is  a  deep  red  liquid,  which  boils  at  20° ;  its 
vapour  density  is  2*997.  Its  odour  resembles  that  of  chlorine  and 
iodine ;  water  dissolves  about  200  times  its  volume.  In  this  case  no 
double  decomposition  takes  place  between  the  water  and  the  hypo- 
chlorous  anhydride.  If  it  did — ^if  hypochlorous  acid  (CIHO)  were 
to  form — the  proportion  of  gas  dissolved  ought  to  be  much  greater. 
The  equation 

(CTO)       +      (IPO)       =       2(C1H0) 

Mypochloroas  Water.  Hypochlorous 

anhydride.  add. 

would  require  that  a  kilogramme  of  water  should  dissolve  4833 
grammes  of  hypochlorous  gas,  while  the  quantity  dissolved  is  only 
779  grammes. 

The  solution  of  hypochlorous  anhydride  has  very  strong  oxidizing  and 
bleaching  properties.  Gay-Lussac  has  observed  that  half  a  litre  of 
this  anhydride  decolorizes  as  much  indigo  as  a  litre  of  pure  chlorine. 
As  half  a  litre  of  hypochlorous  anhydride  contains  half  a  litre  of  chlorine 
and  a  quarter  of  litre  of  oxygen,  and  as  moreover  there  is  no  reason 
why  the  chlorine,  set  free  by  the  decomposition  of  the  hypochlorous 
anhydride,  should  bleach  more  than  if  it  had  not  been  engaged  in 
this  combination,'  it  must  be  concluded  that  a  quarter  of  a  litre  of 
nascent  oxygen  decolorizes  as  much  as  half  a  litre  of  chlorine,  or, 
in  other  words,  that  the  bleaching  power  of  nascent  oxygen  is  double 
that  of  chlorine. 

Hypochlorous  anhydride  is  easily  decomposed  by  hydrochloric  acid ; 
in  this  case  water  and  free  chlorine  are  formed. 

(&»  -  Kg})  =  dl")  +  <S!) 

Hypochlorona  ^ydTochIoIic  Water.  CSdorlne. 

anhydride.  add. 

When  gaseous,  it  explodes  readily  on  a  slight  elevation  of  tempera- 
ture. 

When  the  hypochlorous  anhydride  is  not  required  dry,  it  may  very 
easily  be  obtained  in  solution  by  placing  a  diluted  solution  of  oxide 
of  mercuiy  into  a  large  bottle  full  of  chlorine  and  shaking  briskly. 

The  solution  of  hypochlorous  anhydride  often  acts  on  contact  with 
organic  substances  as  if  it  contained  hypochlorous  acid,  though  in 
reality  it  does  not.  It  is  probable  that  in  this  case  the  organic  sub- 
stance causes  the  reaction  of  the  hypochlorous  anhydride  and   the 
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water.  ThuB  with  ethylene  the  reaction  is  expressed  by  the  follow- 
ing equation : — 

Hypochlorcyas  EUiylene.  Cblorhjrdrin  of 

add.  glycoL 

Chlorous  Anhydride  Cl'O". — To  prepare  this,  a  mixture  is  made  of 
three  parts  of  arsenious  anhydride  and  four  parts  of  chlorate  of  potas- 
sium. This  is  ptdverized  and  mixed  with  sufficient  water  to  make  a 
liquid  paste,  and  12  parts  of  nitric  add  diluted  with  four  parts  of  water 
are  added.  A  small  flask  is  filled  up  to  the  neck  with  the  mixture, 
a  disengagement  tube  is  adapted,  and  the  flask  is  gently  heated  in  a 
water-bath  after  being  coTered  with  a  cloth  to  avoid  accident  in  case 
of  explosion. 

Under  these  conditions  a  greenish  yellow  gas  is  disengaged — a 
powerful  decolorizer ;  its  density  is  2*646,  and  it  bears  a  temperature 
of  —20®  without  being  liquefied. 

Chlorous  gas  is  soluble  in  water,  and  gives  a  beautifiil  yellow  liquid. 

On  combining  with  bases,  it  gives  chlorites  : 

(C.-P-)    +    2(|}0)    =    (H(0)    +    2(<^0(0) 

Chlorous  Hydrate  of  Water.  Chlorite  of 

anhydride.  pota«lam.  potaflsiam. 

Chlorous  anhydride  detonates  on  a  very  slight  elevation  of  temperature ; 
it  is  also  decomposed  with  explosion  by  several  metalloids,  such  as 
sulphur,  selenium,  tellurium,  iodine,  phosphorus,  arsenic,  etc.,  which 
are  oxidized  at  its  expense. 

Mercury  also  decomposes  it ;  other  metals  are  without  action  upon  it. 

In  the  preparation  of  this  body,  first,  nitric  acid  reacts  on  chlorate  of 
potassium,  and  gives  chloric  acid  and  potassic  nitrate.  Then  chloric 
acid  reacts  on  the  arsenious  anhydride  which  it  causes  to  pass  to  the 
state  of  arsenic  acid,  while  it  itself  becomes  chlorous  anhydride. 

Chlorate  of  Nitric  add.  Nitrate  of  Chloric  add. 

potasslnm.  potaadnm. 

Qiloric  acid.  Areenloas  Water. 

anhydride. 

Arsenic  add.  Chlorous  anhydride. 

Peroxide  of  Chlorine  (Hypochlorio  Aoid)  CIO*. — This  is  obtained 
by  carefully  heating  in  a  small  tube  by  a  water-bath  (fig.  26)  a  mix- 
ture of  sulphuric  acid  and  chlorate  of  potassium  broken  into  coarse 
fragments.  The  gas  which  forms  is  passed  by  a  disengagement  tube 
into  a  very  cold  receiver.     Care  must  be  taken  that  the  water  in  the 
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batb  does  not  come  np  to  the  level  of  the  mixture  in  the  tube.    It  is 
also  prudent  to  keep  it  cool  while  mixing. 


Fig;tB. 

The  reaction  ie  ezpiesBed  by  the  following  equation : 


O)    +     (CI«-)0)    +      2(C10-)     + 


oTchloHnt 


Peroxide  of  chlorine  is  gaseous  at  ordinary  temperatures;  it 
liquefies  at  — 20^,  forming  a  red  liquid ;  its  density  in  the  gaseous  state 
is  2'315  ;  it  is  a  very  explosive  body,  soluble  in  water,  and  easily 
deoomposed  by  mercury ;  bases  transform  it  into  a  mixture  of  chlorate 
and  chlorite. 

.(ci0.)  +  2(|}0).(™}0)  +  (T}0)  +  (g)0) 

FiToiMeoI  Hjdntcot  Potuilc  FeUirio  Witv. 


This  reaction  eatablishes  an  analogy  between  the  peroxide  of  chlo- 
rine and  hyponitrio  acid  (NO'),  which  is  also  oonvertcd  into  a  mixture 
of  nitrate  and  nitrite  under  tiie  influence  of  bases  (eee  Nitrc^en);  in 
consequence.  It  may  be  called  hypocliloric  add. 

OhlorioAoid  (CIHO*.)— In  order  to  prepare  this  acid,  whose  anhy- 
dride is  not  stable,  a  concentrated  solution  of  chlorate  of  potassium  is 
treated  with  hydrofiuosilioic  acid.  A  doiible  decomposition  takes  place ; 
ohlorio  acid  is  set  free,  and  the  potassium  is  precipitated  in  the  state  of 
hydroflnosilicate.  Unfortunately,  this  precipitate  is  scarcely  visible, 
BO  that  an  excess  of  hydrofluosilicic  aoid  must  be  used,  because  the 
precise  moment  at  which  the  precipitation  is  complete  cannot  be 
ascertained. 
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The  liquor,  therefore,  contains  a  mixture  of  chlorio  and  hydrofluo- 
silicic  acids ;  it  is  filtered,  and  hydrate  of  barium  is  added,  which  trans- 
forms the  two  acids  into  barytic  salts.  The  hydrofluosilicate  of  barium 
thus  formed,  being  insoluble,  is  precipitated,  and  the  barytic  chlorate 
remains  in  solution.  It  is  filtered,  and  the  chlorate  of  barium  ia  de- 
composed by  sulphuric  acid.  This  acid  ought  to  be  added  drop  by 
drop,  until  a  last  drop  produces  no  more  precipitate.  It  is  then  filtered 
through  asbestos,  and  the  liquid  is  concentrated  at  the  ordinary  tem- 
perature by  means  of  the  air-pump. 

The  following  equation  shows  the  action  of  the  sulphuric  acid  on  the 
chlorate  of  barium : 

(^^oM  +  (s<^'(8l)  -  K8}B.")  +  KTJo) 

Chlorate  of  barlnm.  Sulphuric  add.  Barytic  solpbate.  Chloric  acid. 

Chloric  acid  is  a  syrupy  liquid  of  a  yellow  colour  on  account  of  the 
chlorine  which  it  iJways  contains  in  solution,  and  which  arises  from 
its  partial  decomposition.  At  40°  it  decomposes  into  perchloric  acid 
and  chlorous  anhydride ;  at  the  boiling  point  the  decomposition  is  more 
complete,  perchloric  acid  being  formed,  and  chlorine  and  oxygen 
disengaged. 

First  Method  of  Decomposition. 

Gblorieadd.  Chlorona  Perchloric  add.  Water. 

anhydride. 

Second  Method  of  Decomposition, 

8(0>o')o).4(0'«-}o)  +  .(l(o)  +  a(0|)  +  .(Cj}) 

Chloric  add.  Pvchlorio  add.  Water.  Ozygen.  Ghlorine. 

Chloric  acid,  when  brought  into  contact  with  tincture  of  litmus,  at 
first  colours  it  red  like  acids,  but  soon  bleaches  by  oxidizing  it. 

It  is  a  very  instable  body,  and  is  in  consequence  a  strong  oxidant 
Its  instability  is  such  that,  if  a  drop  be  gently  heated  on  a  piece  of 
paper,  the  paper  takes  fire  and  bums.  Alcohol  takes  fire  on  contact 
with  this  acid.  Hydro-sulphuric  acid  reduces  it  to  the  state  of  hydro- 
chloric acid,  sulphur  being  deposited  at  the  same  time.  In  a  word, 
all  bodies  having  much  affinity  for  oxygen  cause  its  decomposition. 

Cbloricacid.  Hydrasnlphnrlo        Hydrochloric  Sulphur.  Water. 

add.  add. 

Perchlorio  Add  (CIHO*).— In  order  to  prepare  this  body,  one  part 
of  chlorate  of  potassium  is  distilled  with  four  parts  of  sulphuric  acid, 
until  the  drops  .which  distil  no  longer  solidify  in  the  receiver;  thus 
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sulphate  of  potassium,  and  perchloric  acid  combined  with  water  of 
crystallization,  are  obtained. 


Chlorate  of  Sulphuric  add. 

potaaslum. 


..(«^')0.)  +  .(T}0)  +  Kl[0)  +  3(0|)  +  .(g}) 

Sulphate  of  Ptorchlorlc  acid.  Water.  .     Oxygen.  Gbloilne. 

potassium. 

The  crystals  of  hydrated  perchloric  acid  heated  to  110'"  in  a  retort 
emit  white  vapours,  which  exhale  a  strong  odour  of  chlorine :  these 
vapours  condense  in  the  receiver  into  a  yellowish  volatile  liquid, 
which  may  be  obtained  colourless  by  a  fresh  distillation  conducted 
slowly  and  carefully. 

If  the  distillation  be  continued  until  all  the  matter  passes  over,  the 
temperature  will  rise  up  to  200°,  and  an  oleaginous  liquid  will  then 
distil,  which,  mixed  with  the  volatile  liquid,  retransforms  it  into 
crystals. 

The  liquid  volatile  at  110°  is  normal  'perchloric  acid  (CIHO*). 
As  it  strongly  attracts  atmospheric  moisture,  and  easily  explodes,  it 
ought  always  to  be  preserved  in  tubes  hermetically  sealed. 

Normal  perchloric  acid  has  a  density  of  1  •  782  at  15  •  5°.  Its  vapour 
is  colourless  and  transparent:  mixed  with  air,  it  emits  thick  white 
vapours,  owing  to  its  combination  with  the  aqueous  vapour  contained 
in  the  atmosphere. 

Poured  into  water  drop  by  drop,  perchloric  acid  produces  eflfervescence 
and  elevation  of  the  temperature  of  the  liquid.  A  drop  of  perchloric  acid 
poured  on  paper  or  wood  produces  immediate  explosion  with  disengage- 
ment of  light.  The  action  of  charcoal  is  still  stronger,  giving  rise  to  a 
detonation,  which  may  be  compared  to  that  of  chloride  of  nitrogen. 

It  also  explodes  when  mixed  with  anhydrous  ether.  TVith  alcohol, 
on  the  contrary,  it  mixes  tranquilly,  the  mixture  becomes  heated,  and 
ether  distils. 

Applied  to  the  skin,  perchloric  acid  causes  painful  ulcers,  which 
heal  very  slowly. 

When  perchloric  acid  is  heated,  it  decomposes ;  and,  as  the  water 
arising  from  its  decomposition  imites  with  the  portion  of  acid  still 
intact  to  form  the  crystallized  matter  of  ''which  we  have  already 
spoken,  the  liquid  becomes  opaque.  On  continuing  to  increase  the 
temperature,  a  violent  explosion  occurs ;  the  remaining  liquid  imme- 
diately becomes  colourless,  and  on  cooling  crystallizes.  Perchloric 
acid  decomposes  spontaneously,  even  in  the  dark,  and  the  tubes  con- 
taining it  all  explode  at  the  end  of  from  eight  to  fifteen  days. 

When  water  is  added  to  normal  perchloric  acid,  the  liquid  becomes 
heated ;  and,  if  the  quantity  of  water  be  suitable,  the  mass  crystallizes 
on  cooling.     The  crystals  thus  obtained,  which  havje  been  hitherto 
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STippofied  to  be  perchloric  anhydride,  are  really  the  normal  acid  com- 
bined with  a  molecule  of  water.  Their  formula  is  (GIHO^)  -h  aq. 
These  crystals  deliquesce  in  air;  they  melt  at  50°;  their  density 
when  melted  is  1  '811. 

When  strongly  heated  they  disengage  normal  perchloric  acid,  and 
there  remains  in  the  retort  a  hydrate  richer  in  water.  Continuing  the 
distillation,  when  the  normal  acid  has  passed,  there  comes  over,  at  about 
203^,  an  oleaginous  liquid  of  a  constant  composition,  which  much 
resembles  sulphuric  acid.  This  acid  contains  71*6  per  cent,  of  the 
acid  (CIHO*),  and  seems  to  answer  to  the  formula  (CIHO*)*  -fllaq. 
The  more  simple  formula  (CIHO*) +2aq.  would  require  73 '63  per 
cent,  of  normal  acid,  instead  of  71  *  6.  The  potassic  perchlorate  being 
very  sparingly  soluble  in  water,  perchloric  acid  precipitates  potassic 
salts  from  solution. 

Perchlorous  anhydride  is  unknown. 


Combinations  of  Oxygen  with  Bromine. 

The  compounds  of  oxygen  and  bromine  actually  known  are  the 
hypobromous  acid  (BrHO),  or  anhydride  (Br*0),  bromic  acid  (BrHO*), 
and  perbromic  acid  (BrHO*). 

HypobromouB  Acid  (  tt  [  0\ — ^When  bromine  is  poured  into  an 

aqueous  solution  of  nitrate  of  silver  a  precipitate  is  formed  of  bromide 
of  sUver,  and  the  supernatant  liquid  poBsesses  bleaching  properties. 
If  this  liquid  be  distilled  under  the  ordinary  pressure  of  the  atmo- 
sphere it  is  decomposed,  and  sets  free  bromine ;  but  if  it  be  distilled 
in  vacuo  it  gives  a  volatile  liquid,  which  bleaches  organic  substances. 
The  same  compound  is  also  obtained  by  agitating  bromine  in  water 
with  oxide  of  silver.  But,  if  the  oxide  of  diver  be  in  excess,  and  the 
liquor  be  shaken  too  long,  oxygen  will  be  disengaged,  bromide  of 
silver  will  be  formed,  and  the  fluid  would  no  longer  possess  bleaching 
properties. 

M  +  M  -  <lf})  +  8} 

Qypobnnnoiu  Oxide  of  BronUdd  of  Oxjgm. 

•ohjdrlde.  silver.  AVvex. 

The  affinity  of  oxygen  for  itself  is  added  to  tt^at  of  silver  for  bro- 
mine, and  these  two  forces  united  determine  the  double  decompo- 
sition. 

Is  the  body  dissolved  in  the  bleaching  liquid  the  preparation  of 
which  we  have  just  indicated  hypobromous  acid  (BrHO),  or  its  anhy- 
dride (Br*0)  ?  This  is  not  known,  as  we  have  not  yet  been  able  to 
separate  it  from  the  great  excess  of  water  with  which  it  is  mixed. 
The  fact  that  it  is  dissolved  would  lead  us  to  regard  it  as  hypobromous 
acid  (BrHO) ;  but  if  we  consider  that  hypochlorous  anhydride  forms 


106  PEINCIPLES  OF  CHEMISTRY. 

with  water  a  simple  Bolntion,  and  not  a  hydrate,  we  shall  be  tempted 
to  admit  that  it  is  the  same  with  hypobromons  anhydride. 

Bromio  Aoid  (  tt  i  ^ )* — ^^^^ bromine  is  made  to  acton  a  concen- 
trated solution  of  potash,  a  mixture  of  potassio  bromide  and  bromate  is 
formed.  The  bromate,  which  is  very  sparingly  soluble,  is  precipi- 
tated. 

«(l}0) +'(?;})  ='(lr|)  +  CKh)+»(l}°) 

OanBtlc  potuh.  Bromine.  Bromide  of  Potassic  Water. 

potasBlom.  bromate. 

Bromio  acid  is  prepared  from  bromate  of  potassium  by  the  same 
process  as  chloric  acid  from  chlorate  of  potassium. 

Bromic  acid  has  pi'operties  which  are  similar  to  those  of  chloric 
acid.  It  is,  howeYer,.  somewhat  more  stable  than  the  latter  acid, 
and  may  be  heated  to  a  temperature  of  30°  without  decomposing. 

(^rO*)     \ 
•g-  >  O  j. — ^Recently  M.Eaemmerer  has  obtained 

this  acid  by  treating  perchloric  acid  with  bromine.     The  chlorine 
is  simply  displaced. 

<T}o)  +  11}  -  81}  +  »Ch}«) 

Perchloric  aold.  Bromine.  Ghlodne.  Perbromic  add. 

Evaporated  in  a  water-bath,  the  solution  of  perbromic  acid  appears 
as  a  syrupy  mass,  on  which  sulphuric  acid,  hydrochloric  acid,  and 
sulphurous  anhydride  have  no  action.  Like  perchloric  acid,  perbromic 
acid  precipitates  potassio  salts  white,  but  the  perbromate  of  potash  is 
slightly  more  soluble  than  the  corresponding  perchlorate. 


Combinations  of  Oxygen  with  Iodine. 

Hypo-iodites  (\f '  [  O)  ^^  very  little  known.     But  there  is  an  iodic 

anhydride  (1*0*),  to  which  an  acid  (IH*0*)  and  a  periodic  acid  (IH"0*) 
correspond. 

Hypo-iodites  appear  to  be  formed  when  chloride  of  iodine  (ICl*)  is 
dissolved  by  an  alkaline  carbonate  or  a  caustic  alkali ;  but  they  are 
only  stable  in  presence  of  a  molecule  of  iodine ;  when  this  is  taken 
away  they  immediately  decompose. 

Iodic  Anhydride  (I'O*)  and  Iodic  Add  (^^»  \  0»\— On  boiling  one 

part  of  iodine  in  five  parts  of  fuming  nitric  acid,  and  letting  the  liquid 
cool  when  the  iodine  has  entirely  disappeared,  iodic  acid  is  obtained 
which  crystallizes  in  small  pyramids. 

It  may  also  be  prepared  by  passing  chlorine  through  water  having 
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iodine  in    suspension,  and    evaporating    the    solution    to   crystalli- 
zation. 

Iodine.  Water.  Chlorine.  1st  iodic  Hydrocblorlo 

Anhydride.  acid. 

Finally,  a  boiling  solution  of  iodat^  of  potassium  may  be  precipi- 
tated by  chloride  of  barium,  and  afterwards  the  barytic  iodate 
decomposed  by  sulphuric  acid. 

As  to  potassic  iodate,  it  may  be  obtained  like  the  corresponding 
bromato.  But  it  is  easier  to  prepare  it  by  boiling  a  mixture  of  75 
parts  of  chlorate  of  potassium,  80  of  iodine,  and  1  of  nitric  acid  in  400 
of  water,  until  the  chlorine,  which  is  disengaged  at  the  commence- 
ment, ceases  to  come  off. 

In  this  reaction,  nitric  acid  at  first  sets  free  a  little  chloric  acid. 

Chlorate  of  Nitric  add.  Nitrate  of  Chloric  acid, 

potassltim.  potaaslum. 

Iodine  reacting  on  this  acid  transforms  it  into  iodic  acid  by  dis- 
placing the  chlorine. 

KTh)  +  if  ■  <^(o)  +  g} 

Chloric  add.  Iodine.  lat  iodic  Qilorlne. 

anhydride. 

Iodic  acid,  or  rather  its  first  anhydride,  reacts  on  a  new  portion  of 
potassic  chlorate,  and  produces  iodate  of  potassium  and  chloric  acid. 

i'S}o)  +  (T)o)   =  (T}o)  +  Ck}o) 

IM  anhydride  Chlorate  of  Chloric  add.  Iodate  of 

of  iodic  ackL  potafidnm.  potaadom. 

The  iodine  transforms  this  second  quantity  of  chloric  acid  into  iodic 
acid  as  it  did  the  first,  and  this  series  of  double  decompositions  con- 
tinues until  the  whole  of  the  chlorate  of  potassium  is  transformed 
into  iodate. 

When  iodic  acid  has  been  prepared  by  deposition  from  a  cold 
concentrated  soluti<)n,  crystals  are  obtained  which  have  the  composi- 

•g  >0j.      On    dissolving    these 

crystals  in  sulphuric  acid  diluted  with  four  parts  of  water,  a  L'quid  is 
obtained  which  leaves  a  white  product  corresponding  to  the  formula 


CS}«> 


The  first  iodic  anhydride  maintained  at  180°  until  it  no  longer  loses 
weight  is  transformed  into  an  anhydride  (I'HO")  of  the  unknown  tri- 
iodio  acid  (1»H*0**). 
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This  latter  anhydride  may  be  represented  by  the  rational  for- 
mnla — 


and  the  nnknown  normal  acid  to  which  it  corresponds,  by  a  similar 
formula,  but  in  which  the  two  O  at  the  extremities  will  be  replaced 
by  two  atoms  of  hydroxyl. 

Heated  to   170°,   iodic  acid  is  transformed  into  iodic  anhydride 

(I«0*). 

Anhydrous  alcohol  dissolves  neither  iodic  acid  nor  its  anhydrides. 

Iodic  acid  combines  with  nitric,  phosphoric,  boric,  and  sulphuric 
acids,  giving  crystalline  compounds. 

Iodic  acid  is  soluble  in  water :  it  reddens  litmus  and  decolorizes  it 
after  a  time ;  heated  to  a  temperature  lower  than  redness,  it  decom- 
poses into  iodine  and  oxygen  without  giving  periodic  acid.  It  is  an 
oxidizing  body :  treated  by  hydrosulphuric  acid  or  sulphurous  anhy- 
dride, it  decomposes  and  gives  a  deposit  of  iodine. 

.(■»■}  0)  +  5(80.)  +  4(H)0)-}}  +  5(^]0.) 

ist  Iodic  SalphttTous  Water.  Iodine.  Salidrarlc  add. 

■Dhydride.  anhydride. 

Hydrochloric  acid  immediately  decomposes  iodic  acid,  disengaging 
chlorine. 

Iodic  Hydrochloric  Iodine.  Chlorine.  Water, 

anhydride.  add. 

Periodic  Acid  (1H*0*). — Periodic  acid  may  be  prepared  like  per- 
bromic  acid ;  that  is  to  say,  by  maMng  iodine  act  on  perchloric  acid. 
It  may  also  be  obtained  by  the  following  process : 

A  current  of  chlorine  is  transmitted  through  a  solution  of  iodate 
of  sodium  containing  an  excess  of  alkali,  when  an  insoluble  sodic 
periodate  is  precipitated.  This  precipitate  dissolved  in  nitric  acid 
g^ives,  with  nitrate  of  silver,  a  white  precipitate  of  periodate  of  silver, 
of  which  the  formula  is — 
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+     2aq. 

OAg 

This  ssJt  is  dissolved  in  boiling  nitric  aoid,  and  on  cooling  the  liquor 
gives  crystals  whose  formula  is  (lAgO*). 

These  crystals  treated  by  cold  water  are  transformed  into  an  inso- 
luble diai^entic  periodate  (IHAg*0^),  and  &ee  iodic  acid  which  dis- 
solves. 

2(IAgO0     +     2(HV)    =    (lAg^O*)     +     (IH»0«) 

Periodate  of  Water.  Dlargentlc  Feriodio 

sQver.  pertodate.  add. 

As  we  see  from  the  different  reactions  just  explained,  normal 
periodic  acid  is  triatomic,  and  its  formula  is  (IH'O).  The  acid 
(IHO*)  would  only  be  the  first  anhydride  of  this  normal  acid ;  it  is 
xmknown  in  a  free  state,  but  salts  are  known  which  correspond 
to  it. 

Periodic  acid  (IH*0*)  crystallizes  with  two  molecules  of  water.  It 
melts  at  130°.  At  about  200°  it  loses  water,  and  is  transformed  into 
oxygen  and  iodic  acid.  Hydrosulphuric  acid  and  sulphurous  anhydride 
easily  destroy  it. 

With  salts  of  soda,  periodic  acid  gives  a  precipitate  of  disodic  perio- 
date. 


BUIiPHXJIL 

Atomk  weight  =  32.    Molecular  weight  =  64. 

Sulphur  is  procured  from  certain  volcanic  countries  where  it  exists 
native,  especially  from  Sicily.  There  are  mines  elsewhere,  but  they 
are  not  yet  worked. 

In  Sicily,  sulphur  is  separated  from  the  earthy  matter  either  by 
melting  it,  if  the  mineral  be  rich  enough,  or  otherwise  by  distilling. 
After  importation,  the  sulphur  is  refined  by  a  second  distillation 
performed  in  a  retort  which  communicates  with  a  large  brickwork 
chamber.  The  retort  is  so  disposed  that  fresh  quantities  of  sulphur 
can  be  introduced  into  it  without  arresting  the  operation.  If  the  pro- 
cess be  conducted  with  sufficient  rapidity  to  distill  1800  kilogrammes 
of  sulphur  in  twenty-four  hours,  the  walls  of  the  chamber  become  so 
hot  that  the  sulphur  is  kept  in  a  liquid  state.  On  taking  it  out,  it  is 
poured  into  wooden  moulds  and  sold  in  rolls.  If,  on  the  contary,  the 
operation  be  conducted  so  slowly  that  the  weight  of  sulphur  distilled  in 
twenty-four  hours  does  not  exceed  300  kilogrammes,  the  metalloid  is 
solidified  in  the  chamber,  and  as  air  interposes  between  its  molecules 
at  the  moment  of  solidification,  it  is  sublimated  in  the  form  of  a  powder 
known  as  **  flowers  of  sulphur." 
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Snlpbiir  is  yellow,  solid  at  the  ordinary  temperature,  fusible  at  114° 
and  volatile  at  440^.  It  is  tasteless  and  inodorous ;  its  density  is  equal 
to  2-08,  its  vapour  density  is  represented  by  the  number  6*666  at  500°, 
and  by  2-222  at  1000°. 

Water  does  not  dissolve  sulphur ;  alcohol  and  ether  dissolve  it  very 
sparingly ;  its  best  solvent  is  sulphide  of  carbon. 

By  evaporating  its  solution  in  sulphide  of  carbon,  we  obtain  the 
sulphur  crystallized  in  octahedra  of  the  fourth  system;  it  is  under 
this  form  that  it  is  found  in  a  natural  state.  By  means  of  fusion  it 
crystallizes  in  prisms  of  the  fifth  system. 

At  the  ordinary  temperature  the  prismatic  crystals  fall  to  powder, 
which  appears  under  the  microscope  to  be  formed  of  small  octa- 
hedra. At  about  114°  the  contrary  takes  place;  the  octahedral 
crystals  become  prismatic.  These  two  facts  show  that  the  difference 
of  crystalline  form  which  we  remark  in  sulphur  is  owing  to  the  tem- 
perature at  which  the  crystallization  took  place. 

We  have  already  said  that  sulphur  melts  at  114°;  it  then  constitutes 
a  yellow  and  very  fluid  liquid:  at  140°  its  colour  becomes  deeper,  at 
160°  it  is  brown  and  viscid,  at  230°  its  viscidity  is  such  that  the  vessel 
containing  it  may  be  inverted  without  the  sulphur  running  out ;  above 
230°  it  regains  its  fluidity,  but  retains  its  brown  colour  up  to  440°, 
when  it  commences  to  boil. 

If  sulphur  be  heated  to  nearly  its  boiling  point,  and  then  suddenly 
cooled,  when  completely  cold  it  remains  soft  for  a  time,  but  gradually 
regains  its  consistency,  and  by  heating  it  to  about  96°  it  can  be  made 
to  regain  it  immediately.  M.  Eegnault,  to  whom  we  owe  the  know- 
ledge of  this  fact,  also  says  that  the  passage  of  sulphur  from  a  soft  to  a 
hard  state  is  always  accompanied  by  the  disengagement  of  heat. 

Sulphur  is  inflammable ;  it  bums  in  air  with  a  blue  flame  and  emits 
an  odour  of  sulphurous  anhydride,  which  is  well  known. 

It  combines  very  readily  with  chlorine,  and  has  such  an  affinity  for 
phosphorus  that,  except  under  water,  a  mixture  of  these  two  bodies 
cannot  be  heated  for  fear  of  an  explosion. 

Almost  all  metals,  carbon,  and  in  general  bodies  which  readily  unite 
with  oxygen,  have  a  great  affinity  for  sulphur.  But  hydrogen  only 
combines  with  it  at  red  heat  and  with  great  difficulty. 

When  sulphur  is  heated  to  a  high  temperature  and  then  suddenly 
cooled,  we  have  seen  that  it  remains  soft.  K  it  be  thus  treated  seven 
times  successively  it  acquires  a  brown  colour,  which  it  retains  in  the 
solid  state.  Treated  by  sulphide  of  carbon,  it  then  leaves  a  reddish 
residue,  which  is  only  sulphur  in  a  particular  allotropic  state.  Thus 
modified,  sulphur  is  entirely  insoluble.  It  returns  to  its  ordinary  state 
when  heated  to  100°,  or  when  brought  into  contact  with  hydrosulphuric 
acid  or  alkaline  sulphides.  It  acquires,  on  the  contrary,  a  greater  sta- 
bility when  chloride  of  sulphur  is  made  to  act  on  it. 

On  decomposing  cliloride  of  sulphur  by  water  the  same  insoluble 
sulphur  is  obtained,  but  in  a  more  stable  form.     When,  on  the  contrary. 
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the  polysolphides  are  decomposed  by  acids,  crystallizable  sulphur  is 
obtained.  M.  Berihelot  thought  he  coidd  deduce  from  these  facts  that 
sulphur  enters  in  the  amorphous  state  into  the  compounds  where  it  is 
electro-positive,  and  in  the  crystallizable  state  into  the  compounds  where 
it  is  electro-negative.  But  M.  Cloez  has  shown  that  from  one  com- 
pound, chloride  of  sulphur,  it  is  possible  to  extract,  by  means  of  water, 
either  a  soluble  or  an  insoluble  sulphur,  according  to  the  rapidity  of 
the  reaction.  This  experiment,  and  several  others  equally  important 
which  we  owe  to  this  able  chemist,  have  upset  the  preceding  theory. 

M.  Berthelot  thinks  that  when  melted  sulphur  is  heated  to  440°  it 
is  entirely  modified,  and  that  if,  by  steeping,  sulphur  is  never  obtained 
in  an  insoluble  state,  it  is  owing  to  an  inverse  modification  which  is 
produced  during  the  cooling.  In  fact  he  has  remarked :  1st,  that  the 
more  sudden  the  cooling,  the  greater  is  the  proportion  of  the  insoluble 
sulphur  that  is  obtained ;  2nd,  that  on  mixing  with  the  water  certain 
bodies,  such  as  nitric  add,  which  have  the  property  of  rendering  the 
insoluble  sulphur  stable,  hardly  any  crystallizable  sulphur  is  obtained. 

Sulphur  when  heated  to  440°  being  in  its  insoluble  modification,  it 
ifi  probable  that  at  500°,  that  is  to  say,  at  an  approximate  temperature 
to  440°,  it  exists  in  the  same  state.  As  at  500°  the  vapour  density  of 
sulphur  is  6*666,  which  gives  192  as  the  molecular  weight  of  this  body 

and  OS  [  ^  i^  formula,  we  may  conclude  that  there  exist  two  varieties 

of  sulphur :  crystallizable  sulphur,  the  molecular  weight  of  which  is 

S  1 
64,  and  which  answers  to  the  formula  g  > ;  and  insoluble  sulphur,  the 

S*  I 
molecular  weight  of  which  is  192,  and  its  formula  g,  [• 

Sulphur  is  employed  in  medicine,  either  in  its  metalloid  state  or  in 
combination.  It  is  parasiticide,  and  it  is  for  this  property  that  it  is 
chiefly  used.  Some  soluble  sulphides  are  also  used  to  stimulate  the 
functions  of  the  skin. 

The  sulphur  used  in  pharmacy  is  usually  the  flowers  of  sulphur, 
which  must  be  washed  to  remove  the  sulphurous  anhydiide  with 
which  it  is  always  mixed. 


COMBINATIONS  OF  SULPHUK  WITH  THE  METALLOIDS 

PKEVIOUSLY  STUDIED, 


Combinations  of  Sulphur  with  Hydrogen. 

Hydrosulphurio  Add  (^  i  S  j  (Sxtlphuretted  Hydrogen).  Hydro- 
sulphuric  acid  is  prepared  by  making  cold  sulphuric  or  hydrochloric 
acid  act  on  sulphide  of  iron,  or  by  heating  sulphide  of  antimony  with 
hydrochloric  acid. 


112  PBINCIPLES  OF  CHEMISTRY. 

:..      (Fes)    +    (^JO-)    .    (^(0.)    +    (i)s) 

Salpbide  Salpharic  add.  Salph*teof  HydronilphaTic 

of  Iron.  iron.  add. 

2nd.     (sb«S')    +     ^(ni])     =      a^SbCl*)    +     3(1)^) 

Sulphide  of  HjdrochloTie  Terdilorids  Hydrosnlphnrlc 

antimony.  add.  of  antimony.  add. 

Hydrosulphuric  acid  is  gaseous  at  ordinary  temperatures.  A  pres- 
sure of  17  to  18  atmospheres  liquefies  it.  Its  density  in  the  gaseous 
state  is  1'1912,  and  in  the  liquid  state  0*9 ;  water  dissolves  about  three 
times  its  volume. 

Hydrosulphuric  acid  is  a  weak  acid,  and  scarcely  reddens  litmus. 

It  bums  in  air  with  a  dull  flame,  forming  water  and  sulphurous 
anhydride. 

^(2}s)  +  <8})  -  Ki}o)  +  <^) 

Hydrosnlphnric  Oxygen.  Water.  Sulpharons 

add.  anhydride. 

When  exposed  to  air,  the  aqueous  solution  of  sulphuretted  hydrogen 
is  decomposed.  The  sulphur  is  displaced  by  oxygen  and  is  deposited 
in  white  flakes. 

Hydrosnlphoric  Oxygen.  Water.  Snlphnr. 

acid. 

In  contact  with  porous  bodies,  this  solution  absorbs  oxygen  and 
forms  sulphuric  acid. 

Hydrosnlphoric  Oxygen.  Snlphnricadd. 

add. 

It  has  been  observed  that  woollen  goods  steeped  in  a  solution  of 
hydrosulphuric  acid  fall  to  rags.  This  is  owing  to  the  corrosive  action 
of  the  sulphuric  acid  which  is  formed. 

Sulphuretted  hydrogen  is  decomposed  by  chlorine,  bromine,  and 
iodine,  with  the  deposition  of  sulphur  and  formation  of  a  h^^drogenized 
compound  of  the  metalloid  employed. 

Hydrosidphurio  acid  precipitates  the  soluble  salts  of  lead  black ;  a 
sulphide  of  the  metal  is  produced,  and  an  acid  corresponding  to 
the  salt  employed. 

('pb'H")    +    (§}s)     =     (Pb"s)    +    (R"k«) 

Salt  of  lead.  Hydrosnlphnric  Sulphate  of  Acid  oorre- 

acid.  lead.  sponding  to  the 

salt  of  lead. 

Hydrosulphuric  acid  has  a  very  disagreeable  odour  resembling 
rotten  eggs.    It  is  poisonous  when  breathed,  but  large  quantities  of  its 
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solution  in  water  may  be  drank  without  danger.  It  is  very  little 
used  in  medicine,  except  as  an  element  of  certain  mineral  waters. 

Sulphnretted  hydrogen  is  analyzed  in  the  same  manner  as  hydro- 
chloric acid.  But,  instead  of  sodinm,  a  piece  of  tin  is  placed  in  the 
curved  glass.  Sodium  could  only  be  substituted  for  the  half  of  the 
hydrogen  of  this  acid. 

Sulphuretted  hydrogen  contains  a  volume  of  hydrogen  equal  to 
its  own. 

If  from  the  density  of  hydrosulphurio  acid  .      .     1  •  1912 
we  subtract  the  density  of  the  hydrogen     .      .     0*0692 

there  remains 1*1220 

which  is  evidently  equal  to  half  the  density  of  the  vapour  of  sul- 
phur at  1000°.  Two  volumes  of  hydrosulphurio  acid,  therefore, 
contain  one  volume  of  sulphur  vapour  and  two  volumes  of  hydrogen 
condensed  into  two  volumes. 

From  this  volumetric  composition  we  arrive  at  its  composition  by 
weight    We  have  first — 

6*92 
1-1912  :  0-0692  : :  100  :  x;  that  is  to  say,  a?  =  ,   ,^  ^  =  5*809 

1*1912 

Secondly — 

112*2 
1-1912  :  1-122     ::  100  :  x;  that  is  to  say,  «  =  =  94-191 

100  parts  of  hydrosulphurio  acid,  therefore,  contain 

Sulphur 94*191 

Hydn^n 5*809 

100*000 

Bisulphide   of  Hydrogen  (jri  S"  j. — ^Bisulphide    of    hydrogen    is 

obtained  by  pouring  drop  by  drop  a  solution  of  bisulphide  of  calcium 
into  hydrochloric  acid. 

(C-8-)    +    .(=f)     =    («■})    +    (i(s-) 

BUmlphlde  Hydrochloric  Chloride  of  Blsolpbideof 

ofoalcimn.  add.  caloinm.  hydrogen. 

If  the  Operation  be  reversed,  that  is  io  say,  if  the  bydrochloi-ic  acid 
be  poured  into  the  solution  of  bisulphide  of  calciimi,  ihe  bisulphide  of 
hydrogen,  finding  itself  at  the  time  of  its  formation  in  contact  with  an 
excess  of  sulphide  of  calcium,  will  decompose,  and  hydrosulphurio  acid 
and  sulphur  will  be  obtained.  Bisulphide  of  hydrogen  possesses 
properties  analogous  to  those  of  oxygenated  water. 
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COMBINATIOXS   OF   SOLPHUR  WITH   OxYGEN. 

The  compounds  of  sulphur  with  oxygen  are  the  following : — 

Sulphurous  anhydride  (SO*). 

Sulphuric  anhydride  (SO*)  and  sulphuric  acid  (SH*0*). 

The  hyposulphites  correspond  to  the  hyposulphurous  anhydride  and 
to  hyposulphurous  acid  (unknown). 

Dithionic  acid  (S'ffO*). 
Trithionic  acid  (S'H«0«). 
Tetrathionic  acid  (S*H*0*). 
Pentathionic  acid  (S*H»0«). 

The  anhydrides  which  correspond  to  these  four  acids  liave  not 
hitherto  been  prepared. 

BulpliuTous  Anhydride  (SO*). — This  body  is  prepared  either  by 
burning  sulphur  in  oxygen,  or  by  heating  the  metalloid  with  an 
oxygen  compound  of  slight  stability,  such  as  binoxide  of  manganese,  or 
by  deoxidizing  sulphuric  acid  by  means  of  mercury  or  copper,  and  heat. 

.(Bor)o.)  +  o.-.(«2r)o.)  +  .(i|o)  +  (so.) 

Solpfaoilc  add.  Copper.  Sulphate  of  Water.  Sulpbnruus 

copper.  anhjdrlde. 

Sulphurous  anhydride  is  gaseous;  it  is  liquefied  at  —10°;  the 
vaporization  of  the  liquid  acid  causes  the  thermometer  to  descend 
to  -60°. 

In  the  gaseous  state  its  density  is  2  *  247 ;  water  dissolves  fifty  times 
its  volume :  this  solution,  left  in  the  air,  absorbs  oxygen,  and  sulphuric 
acid  is  formed. 

The  solution  of  sulphurous  anhydride,  when  sufficiently  cooled,  de- 
posits crystalline  compounds.  Three  have  been  described ;  they  have  for 
formula  (S0»  +  14H*0) ;  (SO*  +  9H»0) ;  (SO*  +  H»0).     The  last  may 

be  considered  as  normal  sulphurous  acid,  and  be  written  (?t%   [O*  ).    It 

is,  nevertheless,  more  probable  that  its  water  acts  as  water  of  crystalli- 
zation. 

Sulphurous  anhydride  is  colourless  and  has  a  pungent  odour.  When 
breathed  it  excites  coughing,  but  is  not  dangerous,  unless  it  forms  a 
large  proportion  of  the  atmosphere.  It  does  not  bum  and  does  not 
support  combustion,  but  it  combines  directly  with  oxygen  in  presence 
of  spongy  platinum,  giving  rise  to  sulphuric  anhydride. 

2(80-)       +       g}       =       2(S0«) 

Sulphurous  Oxygen.*  Sulphuric 

anhydride.  anhydride. 
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Sulphurous  anhydride  and  hydroBulphuric  acid  decompose  each 
other,  forming  water  and  pentaihionic  acid,  sulphur  being  deposited. 

*H  +  3(|}8)  =  .(g}o)  +  (|})  +  fg:» 

Sulpbnroas  Hydromlpbiiric  Water.  Salpbar.  Pentathionic 

anbydride.  add.  add. 

Sulphurous  anhydride  is  a  powerful  reducing  agent;  it  takes 
oxygen  from  all  substances  which  are  feebly  united  to  it  In  presence 
of  water  it  liberates  chlorine,  bromine,  and  iodine  from  their  compounds. 
The  water  acts  in  this  case  by  its  oxygen  oxidizing  the  sulphurous 
anhydride,  while  its  hydrogen  unites  with  the  chlorine,  bromine,  or 
iodine,  to  form  a  hydracid. 

Sulphurous  anhydride  bleaches  vegetable  substances,  but  does  not 
greatly  alter  them.  By  treating  the  bodies  thus  bleached  by  a  base 
-we  cause  their  original  colour  to  reappear,  or,  rather,  the  shade  they 
'would  have  taken  on  contact  with  the  base  employed.  This  properiy 
is  utilized  in  the  arts  for  bleaching  straw  bonnets  or  hats. 

In  the  direct  light  of  the  sun,  sulphurous  anhydride  combines  with 
its  volume  of  chlorine,  and  the  volume  of  the  gaseous  mixture 
diminishes  by  half.  The  compound  which  arises  has  for  formula 
(S0*C1*).  It  was  formerly  called  chlorosulphuric  acid,  but  now  its 
name  is  chloride  of  sulphuryl.  In  presence  of  water  it  changes  into 
hydrochloric  and  sulphuric  acids. 

(SOK,!-)     +     .(1)0)     =     (^'JO.)     +     .(51) 

CSiIorideof  Water.  Sulphuric  add.  Hydrochloric 

BalpharyL  add. 

When  iodine  acts  on  sulphurous  anhydride,  it  forms  a  similar  com- 
pound (SOU^),  which  possesses  analogous  properties. 

To  determine  the  composition  of  sulphurous  anhydride,  an  excess  of 
sulphur  is  burned  in  a  known  volume  of  oxygen  until  the  whole  of  this 
gas  is  consumed.  Then  it  is  observed  that  the  sulphurous  anhydride 
which  is  formed,  occupies  the  same  volume  as  the  oxygen  which  served 
for  the  combustion. 

If  from  the  density  of  sulphurous  anhydnde  .      .      .     2  •  247 
we  subtract  the  density  of  the  oxygen       .  .     1  •  105 

there  remains 1-142 

a  number  which  evidently  represents  half  the  vapour  density  of  sul- 
phur at  1000°. 

Two  volumes  of  sulphurous  anhydride,  therefore,  contain  two 
volumes  of  oxygen  and  one  volume  of  sulphur  vapour  combined  with  a 
contraction  of  ^.  [From  the  knowledge  of  this  volumetric  composition, 
it  is  easy  to  calculate  its  composition  by  weight. 

Sulphurous  anhydride  has  no  special  use  in  medicine. 

I  2 
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Combinations  of  Solphur  with  Oxygen. 
The  compoTinds  of  snlplmr  with  oxygen  are  the  following : — 

Sulphurous  anhydride  (SO*), 

Sulphuric  anhydride  (SO')  and  sulphuric  acid  (SII'O*). 

The  hyposulphites  correspond  to  the  hyposulphurous  anhydride  and 
to  hyposulphurous  acid  (unknown). 

Dithionic  acid  (S'H»0«). 
Trithionic  acid  (S'H«0«). 
Tetrathionic  acid  (S*H»0«). 
Pentathionic  acid  (S*H«0«). 

The  anhydiides  which  correspond  to  these  four  acids  have  not 
hitherto  been  prepared. 

Sulphurous  Anhydride  (SO*). — This  body  is  prepared  either  by 
burning  sulphur  in  oxygen,  or  by  heating  the  metalloid  with  an 
oxygen  compound  of  slight  stability,  such  as  binoxide  of  manganese,  or 
by  deoxidizing  sulphuric  acid  by  means  of  mercury  or  copper,  and  heat. 

.(^}0.)  +  C-.(»:]0-)  +  .(H}o)  +  (s0.) 

Sulphuric  add.  Copper.  Sulphate  of  Water.  Sulpfaunnis 

copper.  anhydride. 

Sulphurous  anhydride  is  gaseous;  it  is  liquefied  at  —  lO"";  the 
vaporization  of  the  liquid  acid  causes  the  thermometer  to  descend 
to  -60°. 

In  the  gaseous  state  its  density  is  2  *  247 ;  water  dissolves  fifty  times 
its  volume:  this  solution,  left  in  the  air,  absorbs  oxygen,  and  sulphuric 
acid  is  formed. 

The  solution  of  sidphurous  anhydride,  when  sufficiently  cooled,  de- 
posits crystalline  compounds.  Three  have  been  described ;  they  have  for 
formula  (SO*  +  UH*0) ;  (SO*  +  9H*0)  ;  (SO*  +  H*0).     The  last  may 

be  considered  as  normal  sulphurous  acid,  and  be  written  (jt%   \^r    ^* 

is,  nevertheless,  more  probable  that  its  water  acts  as  water  of  crystalli- 
zation. 

Sulphurous  anhydride  is  colourless  and  has  a  pungent  odour.  When 
breathed  it  excites  coughing,  but  is  not  dangerous,  imless  it  forms  a 
large  proportion  of  the  atmosphere.  It  does  not  bum  and  does  not 
support  combustion,  but  it  combines  directly  with  oxygen  in  presence 
of  spongy  platinum,  giving  rise  to  sulphuric  anhydride. 

2(S0«)       +       gf       =       2(S0«) 

Sulphurous  Oxygen.-  Sulphuric 

anhydride.  anhydride. 


SULPHUBOUS  ANHYDRIDE.  115 

Sulpbnrous  anhydride  and  hydrosulphuric  acid  decompose  each 
other,  forming  water  and  pentathionic  acid,  sulphur  being  deposited. 

*H +  »(§!«)  =  Ki}»)  + (it) +  (T» 

Snlphnnms  Hydrosolpbiiric  Water.  Snlpbar.  Pentathionic 

anhydride.  aoid.  add. 

Sulphurous  anhydride  is  a  powerful  reducing  agent;  it  takes 
oxygen  from  all  substances  which  are  feebly  united  to  it  In  presence 
of  water  it  liberates  chlorine,  bromine,  and  iodine  from  their  compounds. 
The  water  acts  in  this  case  by  its  oxygen  oxidizing  the  sulphurous 
anhydride,  while  its  hydrogen  unites  with  the  chlorine,  bromine,  or 
iodine,  to  form  a  hydracid. 

Sulphurous  anhydride  bleaches  vegetable  substances,  but  does  not 
greatly  alter  them.  By  treating  the  bodies  thus  bleached  by  a  .base 
we  cause  their  original  colour  to  reappear,  or,  rather,  the  shade  they 
would  have  taken  on  contact  with  the  base  employed.  This  property 
is  utilized  in  the  arts  for  bleaching  straw  bonnets  or  hats. 

In  the  direct  light  of  the  sun,  sulphurous  anhydride  combines  with 
its  volume  of  chlorine,  and  the  volume  of  the  gaseous  mixture 
diminishes  by  half.  The  compound  which  arises  has  for  formula 
(S0*C1*),  It  was  formerly  called  chlorosulphuric  acid,  but  now  its 
name  is  chloride  of  sulphuryl.  In  presence  of  water  it  changes  into 
hydrochloric  and  sulphuric  acids. 

(so.;.-)    +    .(1)0)    =    (^»    +    2(H}) 

Chloride  of  Water.  Sulphuric  add.  Hydrochloric 

SQlphoryl.  add. 

When  iodine  acts  on  sulphurous  anhydride,  it  forms  a  similar  com- 
pound (SOU'),  which  possesses  analogous  properties. 

To  determine  the  composition  of  sulphurous  anhydride,  an  excess  of 
sulphur  is  burned  in  a  known  volume  of  oxygen  until  the  whole  of  this 
gas  is  consumed.  Then  it  is  observed  that  the  sulphurous  anhydride 
which  is  formed,  occupies  the  same  volume  as  the  oxygen  which  served 
for  the  combustion. 

If  from  the  density  of  sulphurous  anhydride  .      .      .     2  •  247 
we  subtract  the  density  of  the  oxygen       .      .      .      .     1  •  105 

there  remains 1*142 

a  number  which  evidently  represents  half  the  vapour  density  of  sul- 
phur at  1000°. 

Two  volumes  of  sulphurous  anhydride,  therefore,  contain  two 
volumes  of  oxygen  and  one  volume  of  sulphur  vapour  combined  with  a 
contraction  of  ^.  [From  the  knowledge  of  this  volumetric  composition, 
it  is  easy  to  calculate  its  composition  by  weight. 

Sulphurous  anhydride  has  no  special  use  in  medicine. 
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(SO*"]      \ 
Tja  >  0*  j. — ^In  manu&ctnres  this  acid  is  prepared 

in  large  leaden  chambers  by  making  nitric  acid,  water,  and  air  act  on 
sulphurous  anhydride.  This  latter  body  is  obtained  by  the  direct 
combustion  of  sulphur. 

The  sulphurous  anhydride  and  nitric  acid  are  transformed  into  hypo- 
nitric  and  sulphuric  acids.  Then  water  divides  the  hyponitric  acid 
into  nitric  acid  and  nitric  oxide,  and  the  nitric  oxide  absorbs  oxygen 
from  the  air  to  reform  hyponitric  acid.  Finally,  all  the  nitric  acid 
decomposed  is  reformed.  The  cycle  of  the  preceding  reactions  then 
recommences,  and  this  may  be  continued  indefinitely,  allowing  for 
the  inevitable  losses  which  every  large  manufacture  involves.  The 
following  equations  express  these  reactions  : — 


1st. 


2nd. 


(so.)  +  2(^0-}  o) 

1   =   (^)o.) 

+ 

2(N0') 

Sulphnrous                     Nitric  acid, 
anhydride. 

Sulpliaric  acid. 

Hyponitric 
acid. 

3(nO')    +    ^}o) 

-   K'hJo) 

+ 

(KO) 

Hyponitric                     Water, 
add. 

mttic  add. 

Nitric 
oxide. 

K»o)  +  81  - 

2('nO'J 

Nitric  oxide.             Oxygen. 

Hyponltrio 
add. 

3rd. 


As  an  excess  of  water  is  necessary  for  the  success  of  the  operation, 
the  sulphuric  acid  as  it  leaves  the  leaden  chamber  is  always  largely 
diluted.  It  is  concentrated  in  leaden  vessels  until  it  reaches  59° 
according  to  Baume's  scale  of  acid  weights  (sp.  gr.  1*729),  and  the 
concentration  is  then  completed  in  glass  or  platinum  retorts. 

Sulphuric  acid  may  also  be  obtained  in  small  quantities  by  boiling 
sulphur  with  nitric  acid. 

Sulphur.  Nitric  add.  Sulphuric  add.  Nitric 

oxide. 

Sulphuric  acid  is  an  oily  liquid  of  a  density  of  .1*848  at  16*^;  it 
boils  at  325°,  and  is  solidified  at  —35°.  It  has  neither  colour  nor 
smell,  but  has  a  strongly  acid  taste.  When  touched  it  disorganizes 
the  skin,  giving  a  saponaceous  feeling. 

Sulphuric  acid  combines  directly  with  water  with  considerable 
disengagement  of  heat,  and  a  contraction  of  volume.  According  to  the 
proportion  of  water,  two  hydrates  may  be  formed — 

(^r}0')  + Aq.  and(^'fO')     +     2  Aq. 

The  hydrogen  of  the  water  combined  can  never  be  replaced  by  metals ; 
this  indicates  that  the  water  acts  a  part  analogous  to  that  of  water  of 
crystallization.     The  first  of  these  hydrates  is  crystallizable ;  in  the 
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case  of  the  second,  we  recognize  that  it  has  a  definite  composition, 
becanse  the  maximum  of  contraction  is  obtained  when  sulphuric  acid  ia 
mixed  with  water  in  the  proportion  of  one  molecule  of  add  to  two 
molecules  of  water. 

The  affinity  of  sulphuric  acid  for  water  is  such  that  it  carbonizes 
organic  substances,  causing  the  formation  of  water  at  the  expense 
of  the  oxygen  and  hydrogen  contained  in  these  substances.  It  is  a 
very  powerful  acid,  decomposing  most  salts  derived  from  other  acids 
and  liberating  these  latter  ;  phosphoric,  boracic,  and  silicic  acids  alone 
can  decompose  the  sulphates  by  the  aid  of  heat,  on  account  of  their 
greater  stability.     (See  Berthollet's  laws). 

Sulphuric  acid  forms  two  series  of  salts :  the  one  neutral,  represented 

/SO*" )      \ 
by  the  general  formula  (  -p,,  r  ^* ) '  *^®  other  acid  answering  to  the 

/SO"" 
formula  I    R' 
\H 
To  analyze  sulphuric  acid  we  proceed  as  follows : 
Ist.  An  excess  of  sulphuric  acid  is  poured  on  a  known  weight  of 
pure  oxide  of  barium.     Sulphate  of  barium  and  water  are  formed. 

(^'  ( 0.)    +    (B.-0)    =     (Z)  "•)    +    (i }  O) 

Sulphuric  acid.  Oxide  of  Sulphate  of  Water. 

barimn  (haryto).  barium. 

The  water  and  the  excess  of  acid  are  driven  off  by  evaporation,  and 
the  sulphate  of  barium  is  weighed .  Let  P  be  the  weight  of  this  salt,  and 
p  the  weight  of  barium  contained  in  the  baryta  employed  (the  compo- 
sition of  baryta  is  supposed  to  be  known) ;  the  weight  of  barium  con- 
tained in  100  parts  of  the  sulphate  will  be  known  by  the  help  of  the 
proportion — P  :  p::  100 : a?. 

2nd.  A  known  weight  of  sulphur  q  is  placed  in  a  globe  with  an 
excess  of  nitric  acid,  and  the  whole  is  heated,  care  being  taken  to  place 
a  refrigerator  above  the  globe,  in  order  that  all  the  vapours  which 
there  form  may  be  condensed  and  continually  flow  back  again  into  the 
globe. 

When  all  the  sulphur  has  disappeared  the  operation  is  arrested,  and 
the  contents  of  the  globe  are  precipitated  by  chloride  of  barium ;  all 
the  sulphuric  acid  is  thus  transformed  into  insoluble  sulphate  of 
barium,  according  to  the  equation — 

Sulphuric  add.  Chlorate  of         *  Sulphate  of  Hydrochloric 

barium.  barium.  acid. 

The  salt  is  collected  on  a  filter,  well  washed,  dried,  and  weighed. 
Let  P'  be  its  weight,  and  p'  the  weight  of  the  barium  it  contains. 
P'  ^p'  represents  the  united  weights  of  the  sulphur  and  oxygen.     On 

*  B'  may  be  any  monatomic  poeitivc  radical. 
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subtracting  the  weight  of  the  sulphur  q,  there  remains  that  of  the 
oxygen,  which  is  thus  determined.  We  learn  in  this  manner  that 
100  parts  of  sulphate  of  barium  contain — 

Barium 68-79 

Sulphur 13-74 

Oxygen 27-47 

100-00 

3rd.  A  known  weight  of  concentrated  sulphuric  acid  is  precipitated 
by  chloride  of  barium,  and  the  sulphate  of  barium  produced  is  weighed. 
From  this  weight,  that  of  the  oxygen  and  sulphur  which  the  salt 
contains  is  calculated.  Now  as  all  this  sulphur  and  oxygen  will 
be  found  in  the  sulphurio  acid  employed,  it  suffices  to  subtract  the 
amount  of  their  weight  from  that  of  this  acid  in  order  to  know  the 
quantity  of  hydrogen  contained  in  the  latter. 

By  means  of  three  proportions  the  composition  found  is  then  trans- 
formed into  centesimal  composition. 

In  medicine,  sulphuric  acid  largely  diluted  is  used  internally  as  an 
astringent,  and  externally  for  stimulating  foot  baths.  It  ib  also 
employed  as  a  caustic. 

/so*" 

Nordhausen  Sulphurio  Add  I  \0_ )  (Disulphuric  Acid.)  —  On 


calcining  in  a  closed  vessel  protosulphate  of  iron  as  dry  as  it  can  be 
obtained  on  a  large  scale,  sesquioxide  of  iron  is  formed,  and  sulphurous 
anhydride  is  disengaged,  and  also  sulphuric  anhydride  combined  with 
the  small  quantity  of  water  which  the  salt  still  contained. 

ProtoAulphote  of  Seeqnioxide  Sulphurous  Sulphurio 

iron.  of  iron.  anhydride.  anhydride. 

The  sulphuric  anhydride,  received  in  vessels  full  of  ordinary  sul- 
phuric acid,  combines  with  this  acid,  giving  rise  to  disulphuric  acid. 

(so.)      .      («>..{0H)       .       (-p 

Sulphuric  Sulphuric  add.  Disulphuric  acid, 

anhydride. 

Disulphuric  acid  is  stronger  than  ordinary  sulphuric  acid ;  it  fumes 
in  air,  and  when  heated  to  about  30°  it  separates  into  sulphuric  anhy- 
dride which  is  given  off,  and  sulphuric  acid  which  remains  in  the  appa- 
ratus.    The  preceding  equation  reversed,  explains  this  reaction. 

When  the  acid  sulphates  are  heated  they  lose  water,  and  are  trans- 
formed into  neutral  disulphates  (neutral  salts  of  the  disulphuric 
acid). 


DITHIONIC  ACID.  119 


K-P)  =  (Z£)  -  il« 


Add  solpbate  of  Neutral  disulphato  Water, 

•odiom.  of  sodium. 

At  an  elevated  temperature  these  salts  are  resolved  into  neutral 
sulphates  and  sulphuric  anhydride  : 

Neutral  disulphate  Neutral  snIphAte  Sulphuric 

of  sodium.  of  sodium.  anhydride. 

Disulphurio  acid  dissolves  indigo  more  readily  than  sulphuric  acid. 
With  an  excess  of  base,  Nordhausen  sulphuric  acid  gives  neutral 
sulphates. 

The  composition  of  this  acid  is  determined  by  transforming  it  into 
sulphate  of  barium,  exactly  as  with  ordinary  sulphuric  acid. 

Salpliurio  Anhydride  SO*. — This  body  is  obtained  either  by  gently 
heating  disulphurio  acid,  or  .by  calcining  a  bisulphate,  or  by  passing 
a  mixture  of  sulphurous  anhydride  and  oxygen  over  some  spongy 
platinum  gently  heated. 

It  is  crystallized  in  silky  needles,  fusible  at  25^,  volatile  at  35^,  and 
has  a  great  affinity  for  water.  Baryta  bums  in  its  vapour,  producing 
sulphate  of  barium. 

(SO")       +       (Ba"0)       =       (Ba"SO*) 

Sulphuric  Baryta.  Sulphate  of 

anhydride.  barium. 

In  order  to  determine  its  composition  it  is  combined  with  water,  and 
tlie  acid  produced  is  precipitated  by  chloride  of  barium.  From  the 
weight  of  the  sulphate  of  barium  obtained,  that  of  the  sulphur  con- 
tained in  the  salt  is  deduced,  and  then  on  deducting  this  weight  from 
that  of  the  sulphuric  anhydride  employed,  we  learn  the  quantity  of 
oxygen  contained  in  the  compound. 

Thionio  Series. — This  series  contains  four  acids  whose  anhydrides 
are  imknown:  they  are  dithionic  or  hyposulphuric  acid  (S*H*0'), 
whose  anhydride  would  be  (S*0*). 

Trithionic  or  monosulphuretted  hyposulphuric  acid  (S"H*0*),  whose 
anhydride  would  be  (S^O*). 

Tetrathionic  or  bisulphuretted  hyposulphuric  acid  (S*H*0*),  whose 
anhydride  would  be  (S^O*). 

Pentathionic  or  trisulphuretted  hyposulphuric  acid  (S*H*0*),  whose 
anhydride  would  be  (S*0*). 

Ihese  four  acids  all  contain  the  same  quantity  of  oxygen,  and  only 
differ  in  the  quantity  of  sulphur  which  each  term  of  the  series  contains, 
viz.,  one  more  atom  than  that  which  precedes  it,  and  one  less  than  that 
which  follows. 

Dithionic  Add  (S*H*0*').— If  a  current  of  sulphurous  anhydride  be 
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transmitted  through  water  in  which  finely-powdered  binoxide  of  man- 
ganese is  suspended,  a  mixture  of  sulphate  and  dithionate  of  manganese 
is  formed. 


f 


/S0»)      +      (MnO»)       = 


Salphnrons 
anhydride. 


Blnoxkle  of 
maoganeK. 


2('S0')      +      (MnoA       = 


SalphQToos 
aDbydiide. 


Binoxide  of 
manganese. 


(is;)o.) 

Manganoos 
sulphate. 

Dithionate  of 
manganese. 


An  ezoess  of  hydrate  of  barium  is  poured  into  the  solution  contain- 
ing these  two  salts.  The  manganese  is  precipitated  in  the  state  of 
hydrate,  while  the  sulphate  and  dithionate  of  barium  are  produced. 


(SI  »■) 

Manganons 
■nlphate. 

^» 

Manganons 
dithionate. 


+ 


(li»  - 


/so* 

VBa" 


H 


+ 


Hydrate  of 
barium. 


(^»  ■ 


Hydrate  of 
barium. 


Sulphate  of 
barium. 

Dithionate  of 
barium. 


Manganons 
hydrate. 

e&")o.) 

Manganons 
hydrate. 


The  sulphate  of  barium  is  precipitated  with  the  hydrate  of  manga- 
nese, and  the  filtered  liquid  contains  dithionate  of  barium  alone.  The 
solution  is  concentrated,  and  sulphuric  acid  is  added  drop  by  drop 
imtil  the  last  drop  no  longer  produces  any  precipitate.  The  barium  is 
eliminated  in  the  state  of  sulphate,  and  the  dithionic  acid  is  set  free. 


(T»  =  iZ}'^)  +  (Tjo-) 


Dithionate  of 
barium. 


Sulphuric  add. 


Sulphate  of 
barium. 


Dlthionic  add. 


The  liquid  is  then  filtered  and  concentrated  until  its  density  is  1-347. 
Dithionates  when  highly  calcined  disengage  sulphurous  anhydride, 
and  are  converted  into  sulphates. 


Ditiiionateof 
bailum. 


Sulphurous 
anhydride. 


Sulphate  of 
barium. 


■g-i  >  O*  I — If  flowers  of  sulphur  be  digested  for 

several  days  in  a  solution  of  bisulphite  of  barium  at  a  temperature  of  30°, 
trithionate  of  barium  is  formed ;  from  which  trithionic  acid  may  be 
extracted  by  means  of  sulphuric  acid,  in  the  same  way  as  dithionic  acid. 

Tetrathionic  Acid  (       rp  [0*L — This  acid  is  prepared  by  adding 

iodine  to  a  solution  of  hyposulphite  of  barium  until  the  liquid  has  a 
persistent  colour,  and  by  decomposing  by  sulphuric  acid  the  tetra- 
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ihionate  of  barium  which  is  formed  in  the  reaotion.    The  formation  of 
this  latter  salt  is  explained  by  the  following  equation :  - 

K^fo-)  +  J!  -  Mi)  +  (^7<') 

Hyposuljphite  of  Iodine.  Iodide  of  Tetrathlonate  of 

banum.  barlmn.  buluin. 

Pentathionio  Add  (  n*  f  ^'  )* — ^  ^  mixtpre  of  snlphnrous  anhy- 
dride and  hydrosulphurio  acid  be  transmitted  through  water,  sulphur 
is  deposited,  and  the  liquid  assumes  a  milky  appearance,  which  it  loses 
when  shaken  with  copper  filings.  If,  when  cold,  it  be  saturated  by 
carbonate  of  barium  and  filtered,  it  will  contain  pentathionate  of 
barium,  from  which  pentathionio  acid  may  be  prepared  in  the  same 
manner  as  the  preceding  acids,  by  means  of  sulphuric  acid. 

The  formation  of  pentathionio  acid  in  this  reaction  is  explained  by 
the  following  equation : 

3(g)s)  +  4(80-)  =  (S-O-Jgl)  +  2(1}  O)  +  1} 

Hydrosalphuiio  Sulpbnrons  Fentathlonlc  add.  Water.  Sulphur, 

odd.  anbydride. 

HyiKMralphites. — Besides  the  preceding  acids,  there  exists  a  class  of 
salts  known  by  the  name  of  hyposulphites,  answering  to  the  general 
formula  (S«M'*0»)  ;•  the  acid  (S*H*0«)  and  the  anhydride  SH)"  corre- 
sponding  to  these  salts  are  unknown.  If  this  anhydride  existed,  and 
pentathionio  anhydride  (SK)^)  also  existed,  these  two  bodies  would  be 
polymeric. 

Hyposulphite  of  sodium  is  prepared  by  boiling  sulphur  with  neutral 
sulphite  of  sodium,  filtering  and  crystaUizing. 

KS»  +  i}  •  Kn?")'') 

Sulphite  of  sodium.  Sulphur.  Hyposulphite  of 

sodium. 

Hyposulphite  of  sodium  is  much  employed  in  the  arts.  Photo- 
graphers utilize  the  property  its  aqueous  solution  possesses  of  dissolv- 
ing the  salts  of  silver  which  are  insoluble  in  water.  It  is  also  used  in 
dissecting  rooms  as  an  antiseptic. 


BBIiENIUM  g^l 

Atomic  weight  =  f  9*60.    Molecular  weight  =  159. 

Selenium  is  extracted  from  certain  metallic  selenides.  These  sele- 
nides  are  calcined  with  nitrate  of  potassium,  which  is  a  strong  oxidant 
and  causes  the  selenium  to  pass  to  the  state  of  seleniate  of  potassium ; 
the  solution  of  this  salt  is  then  boiled  with  hydrochloric  acid ;  free 

♦  The  true  fonnula  of  the  hypoaulphitas  is  S^'jH,04 ;  the  acid  would  then  pro- 
bably be  BJdfi^^  and  the  anliydride  BjHjOa.— <Tran8.5 
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selenio  acid  is  first  produced,  and  afterwards  it  passes  to  the  state  of 
selenious  acid. 

u.   (S^lo.)    +    .(§}).     .(SO    H-    (^]C) 

Seleniateof  Hydrochloric  Chloride  of  Sclcnioadd. 

potaariam.  Add.  poUMslum. 

^(^)'^)*  ^(?.})-S!h-(I(o)  +  (T|o-) 

Sdenicacid.  Hydrochloric       Chlorine.  Water.  Selenious  add. 

add. 

Finally,  a  current  of  sulphurous  anhydride  is  transmitted  through 
the  solution  of  this  acid.  The  sulphurous  anhydride  takes  the  oxygen 
of  the  selenious  acid,  and  the  selenium  set  free  is  precipitated  in 
the  form  of  a  red  powder,  which  is  collected  and  agglomerated  by 
fusion. 

Selenious  add.  Sulphurous  Water.  Sulphuric  add.  Selenium. 

anhydride. 

The  selenium,  melted  and  cooled,  forms  a  brittle  solid;  it  has  a 
glassy  fracture,  its  density  is  4*8;  if  heated  to  97^  its  temperature 
rises  higher  spontaneously.  In  one  experiment,  the  thermometer  has 
been  known  to  rise  to  230^ ;  while  this  quantity  of  heat  becomes  dis- 
engaged the  metalloid  changes  its  appearance ;  it  acquires  a  granulated 
fracture  analogous  to  that  of  iron,  and  can  be  flattened  by  the  hammer, 
of  which  it  retains  the  impression,  and  it  acquires  the  property  of  con- 
ducting heat  better  than  when  in  its  vitreous  state.  Vitreous  seleiuimi 
therefore  bears  the  same  relation  to  that  which  has  lost  caloric,  as  soft 
sulphur  does  to  hard  sulphur.  M.  Regnault,  to  whom  we  owe  the  know- 
ledge of  these  facts,  has  recognised  that  precipitated  selenium  is  in  a 
state  of  vitreous  modification;  in  fact  that,  like  sulphur,  selenium 
presents  two  allotropio  states.  M.  Deville  states  that  when  steeped  in 
benzine  it  becomes  insoluble  in  that  liquid,  in  which  previously  it 
was  soluble. 

Selenium  has  the  same  affinities  as  sulphur,  but  they  are  a  little 
weaker ;  it  bums  in  air,  forming  selenious  anhydride. 


COMBINATIONS  OF  SELENIUM  WITH  BODIES  PREVIOUSLY 

STUDIED. 


Combination  with  Hydrogen. 

HydroBelenio  Add  (  ja  r Sej. — Hydroselenic  acid  is  gaseous;  it  is 

obtained  by  treating  a  metallic  selenide  by  hydrochloric  acid.  Its 
properties  are  analogous  to  those  of  hydrosulphuric  acid.  Its  odour  is 
most  offensive,  and  resembles  that  of  rotten  cabbages. 


J 
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Combinations  of  Selenium  with  Oxygen. 
There  are  two  known  oxygen  compoundB  of  selenium :  selenious  acid 

(  ^H«  }  ^' )  ^^  ^^^^""'^  *^'^  (  ^%*}  ^'  )• 

The  anhydride  (SeO')  corresponding  to  the  first  of  these  acids  is 
known;  hat  the  anhydride  (SeO*),  which  would  correspond  to  the 
second,  has  not  as  yet  been  obtained. 

Combinations  of  Selenium  with  Sulphur. 

Sulphur  with  selenium  forms  the  compounds  (SeS*)  and  (SeS'), 
corresponding  to  the  selenious  and  selenic  anhydrides.  The  first  of 
these  bodies  is  obtained  by  precipitating  selenious  acid  by  hydro- 
sulphurio  acid ;  and  the  second,  by  the  direct  combination  of  sulphur 
with  selenium. 


TELIiUBITJM  ^e  [ 

Atomic  weight  =  129.    Molecalar  wei^^t  =  258. 

To  prepare  tellurium,  teUuride  of  bismuth  is  calcined  with  car- 
bonate of  potassium  and  then  treated  with  water.  This  liquid  dis- 
solves the  teUuride  of  potassium  which  was  formed ;  and  the  solution, 
exposed  to  air,  soon  decomposes,  liberating  tellurium. 

Tellurium  resembles  metals  in  its  physical  properties,  in  its  lustre, 
its  aspect,  and  its  density,  which  is  6  *  26 ;  its  affinities  are  of  the  same 
nature  as  those  of  sulphur  and  selenium. 

Tellurium  forms  with  hydrogen  a  compound  (tt  [^ej  which  has 

received  the  name  of  hydrotelluric  acid,  and  which  is  gaseous.  This 
compound,  whose  properties  are  analogous  to  those  of  hydrosulphuric 
and  hydroselenic  acids,  is  obtained  by  treating  a  teUuride  by  hydro- 
chloric acid. 

With  oxygen    tellurium  forms    two    compounds ;    tellurous    acid 

C^^^  \  ^)  ^^  telluric  acid  (^^Jf\  0"\  whose  anhydrides  {TeO») 

and  (TeO*)  are  known. 

TeUurium  combines  likewise  with  sulphur,  and  forms  two  sulphides, 
(TeS")  and  (TeS*),  which  are  obtained  by  precipitating  teliarous  or 
telluric  acids  by  sulphuretted  hydrogen;  finally,  tellurium  forms 
with  selenium  a  compound  which  is  not  well  defined.* 

*  The  sulphide  of  tellorimn  is  isomorphoos  with  the  sulphide  of  antimony,  and 
tellaric  acid  forms  neither  alums  nor  salts  with  biatomic  metals  containing  seven 
molecules  of  water.  These  characters  tend  to  remove  tellurium  from  the  sulphur 
group,  and  make  it  approach  the  antimony  group. 
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GENERAL  REMARKS  ON  THE  BIATOMIC  METALLOIDS. 

Oxygen,  sulphnr,  selenium,  and  tellurium,  being  biatomic,  may 
oombine  with  all  the  monatomic  metalloids,  giving  compounds 
which  correspond  to  the  general  formula  R"X'",  in  which  K"  repre- 
sents one  of  these  four  metalloids  and  X'  any  monatomic  radicle. 

Further,  we  know  that  polyatomic  radicles  can  accumulate  in- 
definitely in  molecules  without  ever  being  completely  saturated. 
Generally,  several  polyatomic  atoms  form  a  group,  the  atomicity  of 
which  is  equal  to  the  sum  of  the  capacities  of  saturation  of  each  atom, 
diminished  twice  as  many  times  as  there  are  atoms  united,  less  one. 
Thus  a  group  of  five  triatomic  atoms  would  have  an  atomicity  equal  to 
(5x3)-(4x2)  =  7. 

One  consequence  of  this  law  is  that  the  biatomio  radicles,  on  accumu- 
lating in  the  molecules,  form  groups  of  which  the  capacity  for  saturation 
is  always  equal  to  2.  Recdly,  R""  would  have  for  atomicity  2x2  — 
2  =  2,  R"»,  (2  X  3) -(2  X  2)  =  2,  etc. 

Therefore  two  monatomic  atoms  ought  to  be  able  to  unite,  not  only  to 
one,  but  to  two,  three,  four,  or  n  biatomio  atoms.  The  limit  of  accu- 
mulation of  these  latter  rests  only  in  the  stability  of  the  compounds, 
and  depends  on  the  respective  affinities  of  the  elements  which  combine. 

Thus,  theoretically,  all  the  compounds  comprised  in  the  following 
table  are  possible. 

COMPOCJNDS  OF  Oxygen. 


H«0 

C1*0 

Br*0 

PO 

F1«0 

X'K) 

H*0« 

C1K)« 

Br^« 

I"0« 

F1«0« 

X'*0« 

IPO» 

C1K)» 

Br*0» 

I"0' 

F1*0» 

X'Hy 

H«0* 

CPO* 

Br«0* 

I«0* 

FTO* 

X'*0* 

H«0* 

C1*0» 

Br«0* 

1*0* 

FW 

X'«0* 

H«0« 

CPO* 

Br^« 

v<y 

F1«0« 

X'K)* 

H'O' 

cpa 

BrK)' 

PO' 

Fl'O' 

X'Hy 

..*•  •*..  •••.  ...»  ....  .•*• 

•  *  •*  »•  ■•  «•  ••  ..  •.  ..  ..  ..  .. 

H«0"  C1«0»  BrK)*  I«0*  F1«0"  X'*0" 


Compounds  of  Sulphur. 


H'S 

Cl'S 

Bi-S 

1*8 

Fl'S 

X-'S 

H'S* 

Cl'S* 

Br'S' 

I'S' 

Fl'S* 

X-'S' 

H»S' 

Cl'S* 

Br^S' 

V8* 

Fl'S* 

X^S' 

H'S* 

Cl'S* 

Br'S* 

I'S* 

Fl'S* 

X"S* 

H'S» 

C1'S» 

Bi'S' 

I'S' 

Fl'S' 

X"S» 

H'S* 

Cl'S* 

Br'S* 

I'S* 

Fl'S" 

X"S' 
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IPS' 


BPS- 


Cl'S" 


•  •  •  • 


C1*S' 


Br*S' 


rs' 


•  •     •  • 


■  •    •  • 


Br"S" 


I'S^ 


F1«S' 


•  •    •  • 


ri*s^ 


X'-S' 


•  •  *  • 


at  •  • 


X'S- 


Compounds  of  Seleniuu. 


H'S© 

Cl'Se 

Bi*Se 

PSe 

Fl'Se 

X"Se 

H'Se* 

Cl«Se« 

Br'Se* 

PSe« 

Fl'Se* 

X-'Se* 

H»Se' 

Ol'Se' 

Br'Se* 

I'Se' 

Fl»Se» 

X^Se* 

H'Se* 

CPSe* 

Br'Se* 

rse* 

Fl'Se* 

X-'Se* 

H'Se» 

Cl*Se» 

Br'Se' 

PSe» 

Fl'Se* 

X-'Se' 

H'Se* 

Cl'Se' 

Br*Se' 

PSe* 

Jb'l'Se* 

X'«Se« 

H'Se' 

•  •        •• 

CTSe- 

•  •    •  • 

Br'Se' 

■  •        ■  • 

PSe' 

•  •        •• 

Fl'Se' 

•  •        •• 

X'^Se' 

«  •        •  • 

*  •        •  ■ 

H'Se" 

ca-s^- 

•  •        •  • 

Br»Se» 

•  •        •« 

PSe» 

•  •        •  • 

Fl*Se" 

•  •        « • 

Compounds 

OF  Tri.t,ubiuh. 

HTe 

ClTe 

Br»Te 

ITe 

FlTe 

X'«Te 

H^Te* 

ClTe* 

Br'Te* 

PTe* 

Fl*Te» 

X'«Te« 

BPTe* 

ClTe* 

Br»Te' 

PTe» 

FlTe' 

X'«Te» 

Hrre* 

a'Te* 

BrTe* 

ITe* 

FlTe* 

X'«Te* 

IPTe* 

ClTe' 

BrTe" 

PTe* 

Fl'Te* 

X'«Te* 

Hn'e^ 

ClTe* 

Br«Te« 

PTe* 

Fl*Te» 

X'*Te« 

H*Te' 

ClTe' 

Br'Te' 

PTe' 

FlTft' 

X'*Te' 

HTTe" 


••    •  • 


ClTe* 


•  •    •  • 


BrTe' 


I*re* 


Fl^Te" 


•  •    ■  • 


•  •    •  • 


X'Te" 


As  a  fact,  all  these  compounds  do  not  exist.  Is  it  because  the 
affinity  of  oxygen  and  its  congeners  for  hydrogen,  bromine,  iodine, 
and  flnorine,  is  too  weak  to  allow  of  such  an  accumulation  of  poly- 
atomic radicles  in  one  molecule,  or  is  it  possible  that  these  bodies  exist, 
though  not  yet  discovered  ?  Both  hypotheses  may  be  held,  on  condi- 
tion that  too  great  a  value  be  not  attributed  to  n.  However  it  may  be, 
those  compounds  that  are  known  are  the  following — 


Oxygen  Compounds. 


Water  (WO) 


Hypochlorous  anhy-      Hypobromous  anhy- 
dride (C1«0).  dride  (Br«0). 
Oxygenized  water  (H"0*)  Probable  binoxide  of  chlorine  (CTO*). 

Chlorous  anhydride  (CPO*). 
Hypochloride  (C10»).  Iodic  anhydride  (PO*). 

To  which  must  be  added  chloric  anhydride  (Cl'O*),  bromio  anhydride 
(BrK)*),  perchloric  anhydride  (CW),  perbromic  anhydride  (Br*0'), 
and  periodic  anhydride  (PO^)  :  compounds  that  are  still  unknown,  but 
whose  corresponding  acids  are  known. 
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SCTLPHTJR  COMTODNDS. 

Hydrosulphurio  acid  (H*S).  Bichloride  of  sulphur  (CPS). 

Bisulphide  of  hydrogen  (H*S*).       Protochloride  of  sulphur  (C1*S*). 

Compounds  of  Selenium. 
Ilydroselenic  acid  (H*Se).  Chloride  of  selenium  (Cl*Se). 

Telluric  Compounds. 

Hydrotelluric  acid  (H*Te).  Bromide  of  tellurium  (Br^e). 

Chloride  of  tellurium  (ClTe).  Iodide  of  tellurium  (I'Te). 

There  are  also  compounds  of  sulphur  and  selenium  with  bromine  and 
iodine,  but  the}^  are  not  well  known. 

We  have  hitherto  supposed  oxygen,  sulphur,  selenium,  and  tellu- 
rium to  be  biatomic  ;  and  this  manner  of  considering  these  bodies  is 
allowable,  because  they  act  as  biyalents  in  most  cases.  There  are, 
nevertheless,  some  rare  compounds  in  which  they  are  tetravalent. 
These  are  the  three  chlorides  (SCP),  (SeCl*),  (TeCl*),  and  the  sub-oxide 
of  silver  (Ag*0),  etc. 

Biatomic  metalloids  may  also  combine  among  themselves.  We  will 
not  dwell  on  these  compounds  which  theory  enables  us  to  foresee,  the 
number  is  naturally  unlimited.  Sulphur,  selenium,  and  tellurium  form 
part  of  oxy-acids  the  anhydrides  of  which  are  sulphurous  anhydride 
(SO*),  selenious  anhydride  (SeO*),  tellurous anhydride  (TeO*),  sulphuric 
anhydride  (SO*),  selenic  anhydride  (unknown)  (SeO*),  telluric  anhy- 
dride (TeO»). 

There  also  exists  a  certain  number  of  acids  of  sulphur  whose  anhy- 
drides are  unknown,  and  whose  corresponding  selenium  and  tellurium 
compounds  have  not  yet  been  discovered.     These  are — 

1st.    Hyposulphurous  acid  ..  (SK)"<  qtt),  or,  rather,  metallic  hypo- 
sulphites, for  the  acid  itself  is  not  stable. 

2nd.  Dithionic  acid      ..       ..   (s*0*"|  ^^^ 

3rd.  Trithionic  acid  ..  •  (S"0*"|  qh) 
4  th.  Tetrathionic  acid  -(s^O^Wq^J 
5th.  Pentathionic  acid         ..   (SK>"|  q^) 

If  ever  the  means  of  preparing  h3'posulphurous  and  pentathionic 
anhydrides  be  discovered  these  bodies  will  be  polymeric.  The  hypo- 
sulphurous  anhydride  would  have  for  formula  (S*0*),  and  the  penta- 
thionic anhydride  (S*0*). 
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We  have  already  seen  that  seleniam  and  tellurium  may  also  com- 
hine  with  sulphur,  forming  compounds  which  correspond  to  the 
oxygenized  combinations  of  these  bodies. 


THIRD  GRODP  (TRIATOMIC  METALLOIDS). 


BOBON  ^,n  [  ? 

Atomic  weight  =  11.    Molecular  weight  tmknown. 

Boron  can  be  obtained  by  three  different  processes,  each  of  which 
gives  it  with  different  properties. 

Ist.  Boracio  anhydride  is  decomposed  at  red  heat  by  sodium,  and  the 
mass  is  poured  into  water  acidulated  with  hydrochloric  acid. 

Boradc  anhydride.  Sodium.  Borate  of  sodium.  Boron. 

The  boron  thus  obtained  is  amorphous,  and  brownish  in  colour. 

2nd.  A  current  of  chloride  of  boron  is  transmitted  on  to  melted 
aluminium.  Chloride  of  aluminium  is  produced,  which  is  volatilized, 
and  the  boron  \a  dissolved  in  the  excess  of  aluminium. 

2(ai)  +  2(b"'cp)  =  (^;))  +  i;;;f 

Almnininm.  Chloride  of  Chloride  of  Boron. 

boron.  aluminium. 

After  a  time  the  continued  volatilization  of  the  aluminium  and  the 
continuous  addition  of  boron  cause  the  super-saturation  of  the  solvent, 
and  the  boron  is  deposited  in  hexagonal  prismatic  crystals,  which  are 
opaque,  and  of  a  brown  colour.  These  are  purified  by  boiling  with 
hydrochloric  acid,  which  dissolves  the  aluminium.  This  boron  has 
been  called  graphitoid,  from  certain  analogies  which  have  been  observed 
between  it  and  graphite.*     {See  Carbon). 

3rd.  Boracic  anhydride  is  calcined  with  aluminium,  and  oxide  of 
alumii^um  and  boron  are  formed. 

2(ai)  +  (b"o«)  =  (aik)»)  +  |;;;| 

Aluminium.  Boracic  Oxide  of  Boron. 

anhydride.  aluminium. 

To  purify  the  boron  thus  prepared,  it  is  first  boiled  with  a  solution 
of  hydrate  of  potassium,  then  with  hydrochloric  acid,  and,  finally,  it  is 
mechanically  separated  from  the  oxide  of  aluminium  with  which  it 
is  mixed. 

Boron  is  then  transparent,  rather  yellow,  ciystallized  in  prisms  with 
a  square  base,  nearly  as  hard  and  as  refracting  as  the  diamond;  its 
density  is  2*68.    M.  Deville  has  called  it  the  boron  diamond.    Boron 

*  Woelilcr  and  Deville  have  recently  shown  this  to  be  a  compound  (AlB*). — Tbans. 


128  PRINCIPLES  OF  CHEMISTRY. 

will  not  melt  at  any  temperature ;  it  becomes  oxidized  at  the  same 
temperature  which  causes  the  combustion  of  the  diamond,  and  is  then 
transformed  into  boracio  anhydride.  At  red  heat  it  bums  in  gaseous 
chlorine,  forming  chloride  of  boron. 

Acids  do  not  affect  it,  unless  it  be  aqua  regia,  which  seems  after  a 
length  of  time  to  dissolve  it  sparingly. 

Potash  and  soda  act  upon  it  at  red  heat. 

Bisulphate  of  potassium  transforms  it  into  boracic  anhydride,  dis- 
engaging sulphurous  anhydride  and  water. 

Biflulphate  of  Boron. 

potABBlum. 

(bK)")    +     3('^g"fO')    +     3^|o)    +     3  (so*) 

Boracic  Neutral  salphAte  Wattf.  SalphurociB 

anbydrlde.  of  potassium.  annydride. 

Boron  when  heated  combines  directly  with  the  nitrogen  of  the  air, 
forming  a  nitride. 

Amorphous  boron,  when  it  has  not  been  too  strongly  calcined,  enters 
into  combination  a  little  more  readily  than  the  two  other  varieties 
of  this  body. 

Do  these  three  varieties  of  boron  constitute  three  different  allotropic 
states,  or  do  they  belong  to  the  domain  of  polymorphism  ?  This  will 
be  difficult  to  decide  until  new  experiments  have  elucidated  the 
question. 

Combinations  of  Boron  with  Monatomic  Metalloids. 

Boron  combines  with  these  metalloids,  giving  compounds  which 
correspond  to  the  general  formula  BX*.  The  chloride,  bromide,  and 
fluoride  of  boron  only  are  known  as  yet,  but  it  is  probable  that  the 
iodide  of  boron,  and  perhaps  even  boretted  hydrogen  may  be  obtained. 

Chloride  and  Bromide  of  Boron. — Chloride  of  boron  is  prepared  by 
passing  a  current  of  chlorine  over  a  mixture  of  boracic  anhydride  and 
carbon  heated  to  redness;  the  caibon  takes  the  oxygen,  while  the  boron 
combines  with  the  chlorine. 

(fO-)    +    3(C)    +     6(gf)     =     3(C0)    +     2(b"|cJJ 

Boradc  Carbon.  Chlorine.  Oxide  of  Chloride  of 

anhydiide.  carbon.  boron. 

The  mixture  of  boracic  anhydride  and  carbon  is  made  by  mixing  the 
two  bodies  finely  powdered,  and  making  them  into  a  paste  with  starch. 
When  the  paste  is  firm  enough  it  is  rolled  into  balls,  and  these  are 
calcined  in  a  crucible ;  the  starch  is  destroyed,  and  we  have  thus  small 
balls  formed  of  boracic  anhydride  and  carbon. 


i 
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These  balls  are  placed  id  a  tubulated  stoneware  retort  in  a  reverbe- 
ratoiy  fiimace  (fig.  26) ;  into  the  upper  part  of  this  retort  there  passes 


a  porcelain  tube,  which  goee  to  the  bottom.  This  tube  is  sufficiently 
long  to  prevent  its  getting  vety  hot  at  its  upper  part,  so  that  by 
means  of  a  glass  tube  and  a  cork  it  may  be  placed  in  oommunication 
with  the  apparatus  in  which  the  chlorine  is  produced. 

The  lateral  tube  of  the  retort  is  joined  to  the  refrigerating  apparatus 
intended  to  condense  the  product. 

When  the  apparatus  is  thus  prepared,  on  making  the  retort  contain- 
ing the  mixture  of  boracic  anhydride  and  carbon  red  hot,  and  direct- 
ing into  it  a  current  of  very  dry  chlorine,  chloride  of  boron  is  produced. 

Under  the  influence  of  water,  chloride  of  boron  decomposes  into 
hydrochloric  and  boracic  acids. 

(BC,.)'     +       ,(g(0)       =       3(H})      +      (B:}o.) 


The  bromide  of  boron  would  probably  be  obtained  by  a  similar  pro- 
cess, bnt  as  yet  it  has  only  been  prepared  by  the  direct  action  of 
bromine  vapour  on  red-hot  boron. 

Flaorlde  of  Boron. — The  fiuoride  of  boron  is  obtained  by  heatii^ 
boracic  anhydride  with  fluoride  of  calcium  to  bright  redness. 

2(my')    +     3(CaPl')     =     2(bFI')    +    (cl")  0") 


Fluoride  of  boron  may  also  be  prepared  by  heating  a  mixture  of 
fluoride  of  caloium,  sulphuric  acid,  and  boncio  anhydride : 
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(b-c)    +     3(CaF?)    +    3(^2"}  O")     =     3(Sr}0')    + 

Boncic  Fluoride  of  .  Sulphuric  add.  Sulphate  of 

anhydride.  calcium.  caldnoi. 

3(^1 0)      +       2(bF1») 

Water.  Fluoride  of 

boron. 

Fluoride  of  boron  on  contact  with  water  gives  rise  to  acids,  which 
are  called  borofluoric  and  h jdrofluoborio,  whose  constitution  is  not  well 
known.  The  latter,  nevertheless,  seems  to  be  the  result  of  the  union 
of  a  molecule  of  hydrofluoric  acid  with  a  molecule  of  fluoride  of  boron. 

It  enters  into  double  decomposition  with  bases,  and  produces  double 
fluorides  of  boron  and  the  metal  of  the  base. 

If  this  be  reidly  its  compositioD,  its  mode  of  formation  and  its  action 
on  bases  would  be  expressed  by  the  following  formulas : 

4(bFPJ     +     ^(h}^)     =     3(^BFl-,HFl)     +     (fff  ^) 

Fluoride  of  Water.  Hydrofluoboric  add.  Boradc 

boron.  add. 

(bfi»,hfi)  +  (h}o)   =   (h}^)  +  (b^'.kfA 

Hydrofluoborio  add.  Hydrate  of  Water.  Double  fluoride  of 

potasdum.  boron  and  potassium. 


Combinations  of  Boron  with  Biatomic  Metalloids. 

Combinations  of  boron  with  sulphur  and  oxygen  are  known.  They 
have  for  formula  (B«0»)  and  (B*S^). 

The  first  of  these  bodies  is  an  anhydride,  which,  on  reacting  with 
water,  is  transformed  into  triatomic  boracic  acid. 

(b^)      +      3@}0)       =       2(g:]0.) 

Doraclc  Water.  Boradc  add. 

anhydride. 

The  second,  on  contact  with  water,  decomposes,  giving  rise  to  boracic 
and  hydrosulphuric  acids. 


(b.S«)    +     6(g}0)     =     3(g}s)    +     2(B;]o.) 


Sulphide  Water.  Hydroeulphuric  Boradc  add. 

of  boron.  add. 

Boraoic  acid  is  procured  from  the  gaseous  exhalations  (called  $offioni) 
of  the  soil  in  Tuscany  on  the  borders  of  small  lakes,  whose  waters  yield 
it  on  simple  evaporation.  This  water  always  containing  hydrosul- 
phuric acid,  we  must  suppose  that  the  soil  of  Tuscany  contains  at 
a  great  depth  sulphide  of  boron,  and  that  this  sulphide  is  decomposed 
by  the  vapour  of  water,  of  which  the  sofGoni  are  chiefly  composed. 
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Boraoic  acid  at  100^  loses  a  molecule  of  water,  forming  a  first  anhy- 
dride (   TT  [  0  j.    At  red  heat  this  anhydride  is  doubled,  while  it 

loses  at  the  same  time  a  second  molecule  of  water  to  form  a  second 
boiacio  anhydride. 

(^\o)  +  Qo)  .  (irjo-)  +  (1)0) 

Istboracio  Istboraclo  Ordioary  Water, 

anhydride.  anhydride.  borado  anhydride. 

This  phenomenon  is  often  met  with  in  chemistry.  The  acids  con- 
taining more  than  two  atoms  of  typical  hydrogen,  after  losing  a 
molecule  of  water,  still  contain  typical  hydrogen.  The  result  is  that 
these  acids  may  give  rise  to  several  anhydrides  presenting  different 
degrees  of  dehydration.  The  number  of  anhydrides  possible,  is  equal 
to  the  number  of  atoms  of  typical  hydrogen  which  the  acid  contains. 
The  same  phenomenon  is  also  observed  with  polyatomic  bases. 

Combinations  of  Boron  with  Tetra  and  Pentatomic  Metalloids. 

No  definite  combination  of  boron  with  tetratomic  metalloids  is  known. 
Among  the  pentatomic  metalloids  there  is  one,  nitrogen,  which  com- 
bines with  boron.  The  formula  of  nitride  of  boron  is  (B'"N) ;  bases 
decompose  it  into  ammonia  and  metallic  borate. 

(bn)    +    8(5}  O)     =     (|:]0')    +    Nff 

Nitride  Hydrate  of  Borate  of  Ammonia, 

of  boron.  potaeeiimi.  potaasinm. 


FOUETH  GROUP  (TETRATOMIC  METALLOIDS). 


SHiICON  Si^ 

Atomic  weight  =  28.    MolecuUr  weight  anknowii. 

Silicon  may  be  obtained  in  several  ways,  and  possesses  properties 
which  differ  according  to  the  method  used  for  its  preparation. 

1st.  The  double  fluoride  of  silicon  and  potassium  is  calcined  with 
potassium.  Silicon  and  fluoride  of  potassium  are  formed,  and  are  to  be 
treated  with  water,  which  dissolves  the  latter  salt  and  leaves  the  silicon 
free. 

Thus  prepared,  silicon  is  brown,  amorphous,  infusible,  and  insoluble 
in  aU  menstrua.  At  a  high  temperature  it  becomes  oxidized,  but 
always  incompletely,  because  the  oxide  formed  preserves  the  silicon 
not  yet  acted  on.  Calcined  with  hydrate  of  potassium,  this  body  gives 
rise  to  silicate  of  potassium,  and  hydrogen  is  disengaged. 

Silicon.  Hydrate  of  Silicate  of  Hydrogen, 

potassimn.  potanium. 

K   2 
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2nd.  Silicon  may  be  prepared  by  transmitting  its  chloride  over 
melted  aluminium,  as  was  the  case  with  boron.  By  this  method 
brilliant  scales  are  obtainedi  which  differ  from  the  preceding  silicon 
by  their  external  properties.  M.  Deville  has  named  this  graphitoidal 
silicon. 

3rd.  The  vapour  of  chloride  of  silicon  may  be  decomposed  by  melted 
sodium :  the  silicon  thus  obtained  is  amorphous,  bnt  when  heated  with 
sea  salt  at  a  very  high  temperature  it  melts  and  then  crystallizes. 
Its  crystals  assume  the  same  form  as  the  diamond,  are  able  to  cut  glass, 
and  no  longer  present  any  properties  of  ordinary  silicon.  It  is  known 
as  crystalline  silicon. 

Do  amorphous,  graphitoidal,  and  crystalline  silicon  constitute  three 
allotropic  states  of  one  body,  or  do  these  three  modifications  proceed 
from  polymorphism  ?    At  present  this  has  not  been  decided. 


COMBINATIONS  OF  SILICON  WITH  METALLOIDS 

PREVIOUSLY  STUDIED. 

Chloride  of  Silioon  (  ^-14  >  j. — This  body  is  obtained  by  passing  a 

current  of  dry  chlorine  over  a  mixture  of  silicic  anhydride  and  carbon, 
heated  to  redness. 

(^SiO*)    +     C     +    2(g|)     =     (cc)    +    (siCl*) 

Silicic  OirboQ.  Chlorine.  Carbonic  Qilorideof 

anhydride.  anhydride.  silicon. 

The  same  method  is  employed  as  that  used  for  the  preparation  of 
chloride  of  boron. 

Chloride  of  silicon  is  liquid :  on  contact  with  water  it  decomposes 
into  hydrochloric  and  silicic  acids. 

Chloride  of  Water.  Silicic  acid.  Hydrochloric 

silicon.  add. 

On  heating  silioon  nearly  to  redness  in  a  current  of  dry  hydrochloric 
acid  gas,  a  product  is  obtained  which  seems  to  have  for  formula 
(Si»ClS4HCl)  ?  (old  notation  [Si*Cl»,2HCl]). 

Bromide  of  Silicon  (  g  .  >  j. — This  is  obtained  by  a  similar  process 

as  the  chloride :  it  is  liquid  like  the  chloride,  and  decomposes  in  an 
analogous  manner  on  contact  with  water  into  hydrobromic  and  silicic 
acids. 

Silicon  heated  to  dull  redness  in  a  current  of  hydrobromic  acid  gas 
gives  a  compound  the  formula  of  which  appears  to  be  (Si*Br*,4HBr)  ? 
(old  notation  [Si«Br",3HBr]). 

/  Si"^  )  \ 
Iodide  of  Silioon  (     T*  [  )•  —  ^^^^    compound   has    not  yet  been 
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obtained ;  but  when  gaseons  bydriodic  acid  is  made  to  act  on  silicon 
beated  to  low  redness,  a  body  is  produced,  the  formula  of  wbich  seems 
to  be  (Si»P,4HT)?  (old  notation  [Si*P,2HI])  * 

*  I  have  said,  following  M.  Woeliler*  that  silicon,  when  heated  in  a  current  of 
gaseous  and  dry  hydrochloric,  hydrobromic,  or  hydiiodic  acid,  furnishes  bodies  an- 
swering to  the  formnlsB — 

[8i9Cl«,4HCl]    [Si3Br«,4HBr]    [Si8I«,4Hr]. 

These  formulae  appeared  to  me  to  be  scarcely  probable ;  so,  to  avoid  being  accused 
of  having  badly  translated  them  from  the  old  to  the  new  notation,  I  gave  the  two 
Dotations  side  by  side. 

Messrs.  Friedel  and  Ladenburg  have  just  justified  my  doubts.  These  chemists, 
on  rectifying  Woehler's  compound,  have  obtained  a  liquid  which  is  volatile  at  from 
34°  to  37^,  answering  to  the  formula  (SIHGP).  This  formula  is  that  of  chloroform 
(CHOI*),  with  the  carbon  replaced  by  silicon ;  and  not  only  its  formula  but  also  its 
reactions  lead  us  to  regard  it  as  silicated  chloroform. 

1st.  Under  the  influence  of  ethylate  of  sodium,  chloroform  exchanges  its  three  atoms 

of  chlorine  for  three  atoms  of  ox-ethyl,  and  furnishes  the  compound  I  C  s  oo^H"  r 

\     I OOHV 

(^ICl)      +      3(NaOO»H»)      =      3CNaCl)      +      (o]gggn 
\     Ici/  \     VOCBP/ 

Cblorofonn.  Ethylate  of  Chloride  of 

ndium.  liodium. 

Silicated  chloroform  gives  an  identical  reaction  when  made  to  act  on  alcohol. 

(siig)      +      3(H0C«H*)      =      3(H01)      +      (si<3g^) 

Silicated  AloohoL  Hydrochloric 

cfaloroform.  add. 

2nd.  Silicated  chloroform,  when  treated  by  alcoholic  potash,  exchanges  2C1  for  O, 
and  CI  for  OE^  in  order  to  give  formiate  of  potassium,  and  consequently  formic  acid. 

Treated  by  water  it  exchanges  its  chlorine  for  oxygen,  and  furnishes,  not  the  acid, 
but  formic  anhydride,  which  contains  silicon  instead  of  carbon. 

2(«|ci)  +  3(iP0)  =  6(Hoi)  +  yo;;W^ii8}o) 


SlUcated  Water.  Hydrochlorio 


V- 


chlorororm.  add.  Silicated  formic  anhydride. 

When  the  body  (  Si<  qqsh»  |  ^^  submitted  to  the  action  of  sodium,  this  metal,  by 

\  loC»H*/ 
virtue  of  a  catalytic  action,  divides  it  into  silicate  of  ethyl  and  silicated  hydrogen* 
MM.  Friedel  and  Ladenburg  have  obtained  pure  silicated  hydrogen  for  analysis  by 
this  method,  which  has  also  enabled  them  to  establish  experimentally  that  its  formula 
18  indeed  (SiH^),  as  chemists  supposed.  The  reaction  which  gives  rise  to  this  gas  is 
ezpressed  by  the  following  equation : — 

H      \  /    rH\  /    roo*H«\ 


\    loG«H»/  N    vh/  ^    VOC»H»/ 


OC»H»i 

Silicated  Silicate  of  ethyl. 

bydrogeD. 
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Fluoride  of  Silicon  (  ^u  [  )• — ^This  fluoride  is  obtained  by  causing 

hydrofluoric  acid  to  act  on  silicic  anhydride,  or,  which  is  the  same 
thing,  by  submitting  this  anhydride  to  the  action  of  a  mixture  of 
sulphuric  acid  and  fluoride  of  calcium. 

(Sio.)    +     4(H,()     -     (IH)    +     Kl}«) 

SlUcic  Hydrafloorlc  Fluoride  of  Water, 

anhydride.  add.  BUioon. 

Fluoride  of  silicon  is  a  gas  which  in  the  air  emits  thick  white  fumes. 
It  may  be  liquefied  by  means  of  strong  pressure  and  considerable 
cold.  Water  decomposes  it,  forming  silicic  acid,  and  another  acid 
which  has  received  the  name  of  hydrofluosilicic  acid,  and  which  corre- 
sponds to  the  formula  (2HFl,Si"Fl*). 

8(|\7})     +     4(h}^)     =     (h"}^*)     +     2(si-F1^2HFl) 

Flaoiideof  Water.  Silicic  acid.  Hydroflootilicic  acid, 

silicon. 

Hydrofluosilicic  acid  undergoes  double  decomposition  with  bases, 
and  thus  gives  rise  to  double  fluorides. 

(si'^l*,2HFl)     4-     2(^10)     =     (si'^F1^2KFl^     +     2(glo) 

HydroflaoslUcic  Hydrate  of  Double  fluoride  of  Water, 

add.  potasaium.  dlioon  and  potassium. 

Silicated  Hydrogen. — Silicated  hydrogen  is  formed  when  the  silicide 
of  magnesium  is  decomposed  by  hydrochloric  acid. 

(8i"M^)    +     .(Hf)     .     2@"})    +    f^r)) 

SiUddeof  Hydrochloric  Chloride  of  Silicated 

magnesium.  add.  magnesium.  hydrogen. 

This  body  has  not  as  yet  been  obtained  in  a  pure  state. 

Silicic  Anhydride  (SiO").  (Synonym :  Silica). — Silica  is  very  abun 
dantly  distributed  in  nature.  It  occurs  in  rock  crystal,  quartzose  sand, 
agate,  flint,  etc.  It  may  be  obtained  very  pure  by  transmitting  a 
current  of  gaseous  fluoride  of  silicon  into  water,  collecting  on  a  filter 
the  gelatinous  precipitate  which  is  deposited,  and  drying  it  by  a 
gentle  heat. 

Silica  is  insoluble  in  pure  water,  in  alkaline  solutions,  and  in  acids. 

No  metalloid  decomposes  it ;  but  at  a  high  temperature  it  may  be 
decomposed  by  causing  two  bodies  to  act,  the  one  having  afiBnity  for 
oxygen  and  the  other  for  silicon ;  carbon  and  chlorine,  for  example. 

Silicon  forms  salts  when  heated  with  bases  or  basic  anhydrides. 

These  salts  answer  generally  to  the  formula  (  p4  >  0*\ 

Its  salts  of  potash  or  soda  are  soluble;  hydrochloric  acid,  nitric 
acid,  carbonic  anhydride,  etc.,  precipitate  a  gelatinous  hydrate  of  silica, 

TT4  >  0* ).     An  excess  of  hydrochloric  acid  redis- 
solves  the  precipitate. 
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Gelatinous  silicic  acid  loses  water  in  the  air,  and  is  transformed  into 

TT4  >  0^  L  wliich  seems  to 
be  the  second  anhydride  of  an  unknown  acid  whose  formula  would  be 

The  acid  ^^A  O" Y  heated  to  100^  loses  the  half  of  its  hydrogen  in 

the  state  of  water  and  is  transformed  into  a  new  anhydride  (  tt*  [  ^)* 
M.  Ebelmen,  on  decomposing  silicic  ether  by  water,  has  obtained  a 

T^4  >  O* ).    This  is  probably  the  first 

anhydride  of  an  unknown  acid  whose  formula  would  be  f  tts  [  O')* 

The  known  hydrates  of  silica  are  far  from  being  the  only  possible 
ones:  theoretically,  we  may  admit  the  existence  of  the  following 
hydrates : — 


SATDBATEO  ACIDS. 


ANHYDRIDES. 


Si 


OH  I 
OHf 
OH) 

SUidcadd. 


Si 


i»  < 


OHi 

OH 

OH 

'^^    lOH 
^OHJ 

DUUdeacU. 


8i 


:■»  < 


fOH 
OH 
OH 

?0 
OH 
OH 

I  OH 
lOH 

^ohJ 

TiUUclCKid. 


Si 


Si 


'"{ 


Si 


IT 


ro" 

^OH 
I  OH 

FinfciUioio 
anhydride. 


iBtDiBiUdo 
anhydride. 


iBtTrifllUcIc 
anhydride. 


(0" 
Si-    OH 

\^ 
Si"  I  OH 

2ndDfadUclo 
anhydride. 


2nd  TrisUicio 
anhydride. 


Si'^  I  0"   1 
I  OH 

Si«'  j  g. 
Si"'  \  OH 

3rd  Triaflido 
anhydride. 
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In  fiftct,  on  account  of  the  slight  stability  of  these  acids,  few  of  them 
exist  in  a  free  state,  but  many  salts  are  known  which  correspond  to 
them.  These  salts  constitute  a  great  part  of  the  numerous  minera- 
logical  species  whose  formulas  up  to  this  time  appeared  so  compli- 
cated. 

By  placing  the  hydrochloric  solution  of  silicic  acid  in  a  cylinder 
open  at  one  end  and  closed  at  the  other  by  parchment  paper  (paper 
soaked  in  sulphuric  acid,  washed  and  diied),  then  placing  this  in 
water,  Mr.  Gmham  has  obtained  a  soluble  silicic  acid.  In  this 
process,  which  he  calls  dialysis,  the  hydrochloric  acid  and  the  different 
crystallizable  substances  which  the  solution  contained  pass  through 
the  parchment-paper,  and  the  soluble  silicic  acid  remains  in  a  pure 
state  on  the  top  of  this  paper.  This  acid  seems  to  belong  to  a  very 
condensed  type.  A  very  small  quantity  of  potash  suffices  to  saturate 
it ;  it  is  easily  destroyed,  and  is  transformed  into  gelatinous  silica- 
Time  alone  produces  this  result 

Sulphide  of  Silioon  (Si'^S*). — Sulphide  of  silicon  may  be  obtained  in 
a  pure  state  by  transmitting  the  vapour  of  sulphide  of  carbon  over 
silica  heated  to  redness.  Water  decomposes  it,  forming  hydrosul- 
phuric  acid  and  a  variety  of  silicic  acid  which  remains  dissolved. 
Tliis  phenomenon  explains  the  formation  of  natural  silicious  waters. 


CARBON  C. 

Atomic  weight  =  12.    Molecolw  weight  trnkDown. 

There  are  many  varieties  of  carbon ;  these  have  common  properties 
and  distinctive  characters. 

The  common  properties  are  the  following : 

Carbon  is  infusible  at  the  highest  temperatures  and  insoluble  in  all 
known  liquids.  At  a  temperature  which  varies  for  each  variety,  it 
combines  with  oxygen,  giving  rise,  according  to  the  quantities  of  oxygen 
employed,  either  to  carbonic  anhydride  (CC)  or  to  oxide  of  carbon  (CO), 
which  are  both  gaseous. 

It  has  been  stated  that  certain  varieties  of  carbon  combine  directly 
with  hydrogen  under  the  influence  of  a  strong  electric  current,  forming 
a  hydrocarbon  (CH*).  It  is  probable  that  all  the  varieties  of  carbon 
would  undergo  the  same  reaction  if  they  all  were  sufficiently  good 
conductors  of  electricity. 

The  known  varieties  of  carbon  are ;  the  diamond,  graphite,  charcoal, 
animal  black,  lamp  black,  burnt  sugar,  and  gas  coke.  We  might  also 
add  anthracite,  pit  coal,  and  peat  charcoal ;  that  is  to  say,  the  mineral 
combustibles ;  but  these  being  only  vegetable  bodies  more  or  less  car- 
bonized, are  far  from  constituting  definite  chemical  species,  and  there- 
fore their  study  is  left  to  naturalists. 

Diamond. — The  diamond  is  caibon  in  crystals  belonging  to  the  cubic 
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system,  which  often  haye  48  fecets.  These  facets  have  a  great  tendency 
to  form  curves.  Diamonds  are  generally  colourless  ;  there  are,  never- 
theless, some  that  are  black,  or  variously  coloured. 

Diamond  is  the  hardest  known  body ;  crystallized  boron  approaches 
the  nearest  to  it  in  this  respect.  Its  density  is  from  3*50  to  3*55; 
it  is  transparent,  and  the  most  refracting  of  all  solid  bodies;  its 
constitution  has  been  established  by  its  combustion  in  oxygen.  It  has 
been  stated  that  in  this  case  carbonic  anhydride  is  formed ;  that  is 
to  say,  the  same  compound  which  is  produced  when  ordinary  carbon 
is  burnt  When  highly  heated,  diamonds  are  transformed  into  a 
substance  analogous  to  graphite.  They  are  therefore  not  formed  by 
fusion  at  a  high  temperature.  They  are  found  in  alluvial  earths, 
probably  far  from  where  they  were  formed,  and  their  natural  state 
gives  no  indication  relative  to  their  mode  of  formation. 

The  diamond  can  be  cut  by  the  help  of  its  own  dust  or  of  that  of 
crystallized  boron. 

Qraphite  (Plumbago). — Graphite  is  that  variety  of  carbon  used  for 
making  pencils :  it  exists  in  a  natural  state.  It  may  be  obtained  arti- 
ficially by  slowly  cooling  melted  cast  iron  holding  an  excess  of  carbon 
in  solution.  The  iron,  solidified,  leaves  the  graphite ;  any  iron  which 
it  may  contain  is  dissolved  by  hydrochloric  acid. 

Graphite  may  be  prepared  by  means  of  chloride  of  carbon  by  a  pro- 
cess analogous  to  that  we  described  for  graphitoidal  silicon  or  boron, 
but  the  aluminium  must  be  replaced  by  iron. 

Graphite  crystallizes  in  very  brilliant  black  plates ;  it  is  soft  enough 
to  leave  marks  on  paper;  it  has  a  metaUio  lustre  and  bums  with 
difficulty. 

Sir  B.  C.  Brodie,  by  causing  an  oxidizing  mixture  composed  of  nitric 
acid  and  chlorate  of  potassium  to  act  on  graphite  at  60°,  has  obtained 
an  acid  body  whose  formula  appears  to  be  (C"HH)*).  On  comparing 
this  acid  with  a  body  obtained  by  M.  Woehler  by  means  of  graphitoid 
silicon,  and  which  has  for  foimula  (Si*H*0^),  and  reflecting  on  the  fact 
that  the  acid  prepared  with  graphite  cannot  be  obtained  with  any  other 
variety  of  carbon,  Brodie  admits  that  this  acid  answers  to  the 
formula  (C*H*0*).  He  is  obliged  by  this  to  attribute  to  carbon  an 
atomic  weight  equal  to  33,  which  presents  no  simple  proportion  to  its 
ordinary  atomic  weight.  In  aid  of  this  hypothesis,  Brodie  observes 
that  while  the  specific  heats  of  the  different  varieties  of  carbon  do  not 
accord  with  the  atomic  weight  of  this  body,  12,  the  specific  heat  of 
graphite  is  in  accordance  with  the  atomic  weight,  33. 

These  considerations  are  very  important.  Unfortunately,  the  for- 
mula of  Sir  B.  C.  Brodie's  compound  and  the  analogies  between  this 
body  and  that  of  M.  Woehler  are  not  established  sufficiently  for  the 
hypothesis  we  have  just  stated  to  be  considered  as  demonstrated. 
Nevertheless,  the  property  of  giving  rise  to  a  compound  which  can 
be  obtained  with  no  other  variety  of  carbon  shows  that  this  metalloid 
exists  in  graphite  under  a  particular  allotropic  state.    Consequently, 
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analc^y  leads  us  to  believe  that  graphitoidal  silicon  also  represents 
an  allotropic  state  of  silicon. 

Coke.—  Coke  is  the  carbon  obtained  by  calcining  pit  coal ;  it  is 
porons,  and  is  not  easily  combustible  :  100  parts  of  pit  coal  yield  from 
60  to  65  parts  of  coke. 

Wood  GharooaL — ^This  carbon  is  prepared  either  by  distilling  wood 
in  a  closed  retort,  or  by  setting  fire  to  large  quantities  of  wood  covered 
with  earth.  The  first  method  has  this  advantage,  that  it  allows 
the  volatile  products,  such  as  vinegar,  wood-spirit,  etc.,  to  be  col- 
lected; but  it  gives  a  carbon  which  is  little  used.  This  process 
ought  to  be  employed  when  we  wish  to  obtain  an  easily  combus- 
tible carbon,  as  when  it  is  required  for  the  manufiaicture  of  gun- 
powder ;  but  it  must  not  be  used  when  the  charcoal  is  required  as  fuel 
for  furnaces. 

Wood  charcoal  possesses  the  property  of  absorbing  gases  without 
combining  with  them.  When  it  is  already  saturated  with  a  gas,  it  is 
less  able  to  absorb  others :  therefore,  in  demonstrating  this  property, 
we  must  begin  by  calcining  the  carbon,  or  by  exposing  it  some  time 
in  vacuo,  in  order  to  free  it  from  the  gases  it  contains.  All  gases  are 
not  equally  absorbed  by  carbon ;  those  that  are  most  soluble  in  water 
are  also  the  most  readily  absorbed. 

The  condensation  of  gases  by  carbon  causes  them  to  enter  into 
reaction  more  readily.  An  explosion  is  produced  when  a  piece  of 
wood  charcoal  saturated  with  hydrosulphurio  acid  gas  is  brought  into 
contact  with  oxygen. 

This  absorbent  property  of  wood  charcoal  causes  it  to  be  employed  as 
a  disinfectant,  and  to  be  used  in  medicine  as  a  remedy  for  fiiatulence, 
to  absorb  the  gases  which  fill  the  digestive  canal. 

Wood  charcoal  also  takes  up  colouring  substances  of  organic  origin, 
and  even  certain  mineral  substances,  among  which  is  iodine. 

Animal  Black. — This  is  prepared  by  calcining  bones  in  closed 
retorts.  This  carbon  always  contains  phosphate  and  carbonate  of 
lime ;  but  by  washing  it  with  hydrochloric  acid  it  is  freed  from  these 
impurities. 

Like  wood  charcoal,  animal  black  absorbs  gases  and  disinfects,  but 
in  an  inferior  degree.  On  the  other  hand,  it  is  a  much  better  de- 
colorizer,  and  is  therefore  much  used,  and  of  great  importance  in 
manufactories  and  sugar  refineries. 

Iiamp  Black. — Lamp  black  is  prepared  by  receiving  in  proper 
chambers  the  black  smoke  resulting  from  the  combustion  of  resinous 
or  highly  carbonaceous  substances  in  presence  of  an  insufficient  quantity 
of  oxygen.  This  carbon  is  not  pure ;  it  must  be  calcined  in  a  crucible 
to  free  it  from  the  tarry  matter  it  contains. 

Lamp  black  constitutes  a  carbon  in  very  fine  powder,  and  is  used  to 
make  Indian  ink  and  other  black  pigments.  In  pharmacy  it  is  em- 
ployed in  the  preparation  of  black  caustic,  which  is  composed  of 
one  part  of  this   body  and   three  parts  of  concentrated  sulphuric 
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acid.  Lamp  blaok  ia  used  to  g^ive  the  snlpbniic  acid  a  pasty  oon- 
sistence. 

Carbon  of  Su^ar. — This  is  prepared  by  calcining  sugar.  It  is 
Tery  spongy;  bnt  the  walls  of  the  interstices  it  contains  are  very 
compact  and  brilliant :  the  result  is  that  sugar  carbon  has  only  the 
appearance  of  a  porous  body,  and  that  it  has  not  absorbing  properties. 
It  is  a  very  pure  carbon. 

Gas  Ck>ke. — The  carburetted  gases  which  are  disengaged  in  the 
preparation  of  gas  used  for  lighting,  partially  decompose  on  contact 
with  the  strongly-heated  sides  of  the  retort  in  which  the  distillation 
of  the  pit  coal  takes  place.  On  these  sides  a  very  compact  and  hard 
carbon  is  deposited,  which  has  a  metallic  lustre,  and  is  a  good  con- 
ductor of  heat  and  electricity.  This  carbon  is  employed  in  the  manu- 
facture of  certain  electric  batteries  (Bunsen's). 
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PBEVIOUSLY  STUDIED. 

The  combinations  of  carbon  with  chlorine,  bromine,  iodine,  and 
hydix)gen  will  be  studied  in  organic  chemistry.     We  will  only  speak 
here  of  the  compounds  carbon  forms  with  oxygen  and  sulphur. 
Oxide  of  Carbon, — Carbonic  oxide  is  obtained  : — 
1st.  By  burning  carbon  in  an  insufficient  quantity  of  oxygen : 

2C       +       q}       =       2(C0) 

Gtrbon.  •Oxjgen.  Carbonic 

oxide. 

2nd.  By  decomposing  carbonic  anhydride  either  by  carbon  or  by  red- 
hot  iron : 

(CO*)       +       C       =       2(C0) 

Carbonic  Carbon.  Carbonic 

anhydride.  oxide. 

4(CO0       4-       3(Fe)       =       (Fe»0*)       +       4(C0) 

Carbonic  Iron.  Oxide  of  Carbonic 

anhydride.  iron.  oxide. 

3rd.  By  decomposing  by  carbon  an  oxide  that  is  difficult  to  reduce, 
such  as  oxide  of  zinc : 

(ZnO)       +      C       =       (CO)       4-       Zn 

Oxide  of  Carbon.  Carbonic  Zinc, 

sine.  oxide. 

4th.  By  decomposing  oxalic  acid  by  bodies  having  a  great  affinity 
for  water,  like  concentrated  sulphuric  acid.  The  carbonic  oxide  is  then 
fonnd  mixed  with  carbonic  anhydride,  from  which  it  is  set  free  by 
passing  it  through  a  bottle  filled  with  a  solution  of  potash : 

(CH'O*  +  2aq.)     =      ^(1}^)     +     (^^)     +     (^^) 

CryttaUised  oxalic  acid.  Waler.  Carbonic  Carbonic 

oxide.  anhydride. 
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5th.  By  heating  one  part  of  yellow  ferrocyanide  of  potassium  with 
three  pai-ts  of  sulphuric  acid : 

(Fe(CN)'K*)     +     6(Sg:"f0')     +     6(|)o)     = 

Yellow  ferrocjanide  Sulphuric  Add.  Water, 

of  potaasium. 

(ISr(o.)   +   .(^(c.)  +   b(SO^,.(o-)   +   e(co) 

Sulphate  of  Sulphate  of  Sulphate  of  ammonium.  Carbonic 

iron.  potaasium.  oxide. 

Carbonic  oxide  is  a  permanent  gas  without  smell  or  taste,  colourless, 
hardly  soluble  in  water,  and  of  a  density  of  0*96. 

It  bums  in  air  with  a  blue  flame,  producing  carbonic  anhydride. 
Two  volumes  of  carbonic  oxide  consume  one  volume  of  oxygen  to 
become  transformed  into  carbonic  anhydride,  and  the  carbonic  anhy- 
dride produced  occupies  two  volumes.  If  the  composition  of  carbonic 
gas  be  supposed  to  be  known,  the  composition  of  oxide  of  carbon  may 
be  deduced.  In  effect,  the  weight  of  carbon  contained  in  a  given 
volume  of  carbonic  anhydride  is  known.  This  quantity  being  the 
same  as  that  which  forms  part  of  an  equal  volume  of  carbonic  oxide, 
on  subtracting  it  from  the  total  weight  of  this  gas  we  learn  tlie 
weight  of  the  oxygen. 

The  tendency  of  carbonic  oxide  to  absorb  oxygen  renders  it  a  power- 
ful redacing  agent. 

Exposed  to  the  sun,  this  gas  combines  with  chlorine,  forming  an 
oxychloride  (chloiide  of  carbonyl)  (COCl"),  which  decomposes  on  contact 
with  water  into  hydrochloric  acid  and  carbonic  anhydride : 

(COCI')      +      (i}0)      =       2(g})      +      (cO.) 

Oxjchloride  Water.  Hydrochloric  Carbonic 

of  carbon.  add.  anhydride. 

Carbonic  oxide  is  a  very  poisonous  gas. 

Carbonio  Anhydride  (CO*). — Carbonic  anhydride  is  obtained  : — 

1st.  By  burning  carbon  in  an  excess  of  oxygen : 

c     +    8}     =     ^^^') 

Carbon.  Oxygen.  Carbonic 

anhydride. 

2nd.  By  decomposing  a  carbonate  by  hydrochloric  acid.  Carbonate  of 
calcium  is  the  one  generally  employed  : 

+  (1(0)  *  (aO 

Water.  aUoride 

of  caldum. 

Carbonic  anhydride  is  gaseous  at  ordinary  temperatures  and  under 
ordinary  pressure.  It  is  liquefied  by  a  pressure  of  36  atmospheres. 
When    liquid  carbonic   anhydride    is  thrown  into   the   atmosphere. 


("(2:fo-)  H-  ^(g)) 

=  H 

Carbonate  of                   Hydrochloric 
lime.                               add. 

Carbonic 
anhydride. 
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a  part  immediately  vaporizes  and  absorbs,  in  consequence,  such 
a  quantity  of  beat  tbat  another  part  passes  into  tbe  solid  state.  To 
collect  tbe  latter,  tbe  liquid  jet  is  directed  into  a  bemispbere  of  iron. 
The  carbonic  anbydride  may  be  kept  solid  for  some  time  witbout  its 
returning  to  the  gaseous  state.  Pressed  between  tbe  fingers,  it  destroys 
tbe  skin  like  a  bot  body.  Wben  mixed  with  etber  and  placed  in  tbe 
receiver  of  an  air-pump,  tbe  temperature  is  lowered  to  —100^. 

Gaseous  carbonic  anhydride  bas  a  density  of  1*529.  It  may  be 
decanted  in  tbe  air  like  a  liquid. 

Water  dissolves  its  own  volume  of  ibis  gas,  but  does  not  combine 
with  it  to  form  an  acid ;  on  tbe  contrary,  carbonic  anbydride  combines 
directly  with  basic  anhydrides  to  form  salts.  It  also  combines  with 
bases  ;  tbe  production  of  a  salt  is  then  accompanied  by  that  of  a  mole- 
cule of  water : 

(w)   +   (Ba"o)    =    (s;:}o-) 


Carbonic 
anbydride. 

Anhydroas 
oxide  of  bariom. 

Carbonate  of 
barium. 

(co*)  + 

^(l}o)  -  (T-jo-) 

^(2 

Qu>bonic 
anhydride. 

Hydrate  of                     Carbonate  of 
potassium.                        pota^nm. 

Wi 

Carbonic  anhydride  loses  half  its  oxygen  wben  passed  over  iron  or 
carbon  heated  to  redness.  Tbe  electric  spark  decomposes  it  also  into 
carbonic  oxide  and  oxygen. 

Carbonic  acid  gas  does  not  bum  nor  support  combustion.  It  also 
does  not  support  respiri^tion,  but  it  is  not  nearly  so  poisonous  as  car- 
bonic oxide.  On  injecting  it  into  tbe  different  cavities  of  tbe  body, 
local  anesthesia  is  produced. 

When  carbon  is  burnt  in  pure  oxygen  so  as  to  entirely  transform  tbe 
latter  into  carbonic  anbydride,  it  is  observed  that  tbe  gaseous  volume 
does  not  vary.  If,  therefore,  from  tbe  weight  of  a  given  volume  of 
carbonic  anhydride  tbat  of  an  equal  volume  of  oxygen  be  subtracted, 
tbe  difference  will  express  tbe  weight  of  carbon  contained  in  tbis  gas. 

M.  Dumas  prefers  to  operate  so  as  to  omit  all  consideration  of  volume. 
He  bums  a  known  quantity  of  pure  carbon  (diamond)  in  a  current 
of  pure  oxygen,  and  then  passes  tbe  gases  into  tubes  fiill  of  potash, 
previously  weighed,  and  intended  to  absorb  the  carbonic  anbydride. 
On  again  weighing  these  tul)e8  after  tbe  experiment,  the  weight  of  the 
carbonic  anbydride  formed  is  determined,  and  on  subtracting  the  weight 
of  carbon  burnt,  tbe  oxygen  is  known  by  the  difference. 

Sulphide  of  Carbon  (CS*). — The  sulphide  of  carbon  is  obtained  on 
passing  sulphur  in  vapour  over  red-hot  carbon.  It  is  a  fetid  liquid, 
volatile  at  46^.  It  bums  in  air  with  a  dull  flame,  giving  carbonic 
and  sulphurous  anhydrides.  It  is  an  excellent  solvent  for  iodine, 
sulphur,  and  phosphorus,  and  combines  with  alkaline  sulphides  (sul- 
phides of  potassium  or  sodium),  forming  sulpho-salts. 
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Sulphide  Sulphide  Sulphocarboiuto 

of  cwbon.  of  poUflstnm.  of  potaaalum. 

The  solution  of  these  alkaline  sulpho-salts  is  precipitated  by  soluble 
salts  of  lead,  fonning  sulphooarbonate  of  lead. 


.(f;»  +  (o^y}o.)  .  2(«o-fo)  +  (ZM 


SulphoearbooAte  Nitrate  of  lead.  Nitrate  of  Sulphocarbonate 

of  potamium.  potassium.  of  lead. 

Finally,  the  plombic  sulpho-salt,  digested  in  water  through  which  is 
transmitted  a  current  of  hydrosulphuric  acid,  deoompoees  into  sulphide 
of  lead  and  sulphocarbonic  acid. 

+     (PV'S) 

Sulphide 
of  lead. 

Sulphide  of  carbon  is  used  in  gutta-percha  manufactures.  It  softens 
this  substance :  its  yapours,  which  are  very  deleterious,  produce  serious 
effects  on  the  workmen  who  breathe  them. 


(??» +  (ifs) . 

■  f^'K) 

Sulphocarbonate            Hydrosulphuric 
of  lead.                            add. 

Sulphocarbonic 
add. 

TIN  Sn. 
Atomic  weiglit  =118.    Molecular  weight  unknowD. 

Tin  is  found  in  the  state  of  oxide,  mixed  with  sulphide  and  arsenio- 
sulphide.  The  mineral  is  first  roasted  in  air  to  transform  all  into 
oxides ;  then  it  is  intimately  mixed  with  carbon  and  heated.  The 
carbon  becomes  converted  into  oxide  of  carbon,  and  this  reduces  the 
oxide  of  tin  to  the  state  of  metallic  tin. 

(SnO')       +       2(C0)       «       2(C0")       +       Sn 

Oxide  of  Oxide  of  Carbonic  Tin. 

tin.  carbon.  anhydride. 

Malacca  tin  is  very  pure. 

Tin  is  silver- white  in  colour ;  it  is  soft  and  very  malleable ;  it  has 
a  cryntalline  structure,  which  is  shown  by  causing  an  acid  to  act  on  its 
surface.     The  crystals  made  visible  form  coloured  rings. 

Tin  cannot  be  directly  pulverized,  but  it  is  obtained  in  powder  by 
melting  and  stirring  it  constantly  while  cooling. 

It  melts  at  228^;  it  is  preserved  for  an  indefinite  time  in  air  while 
cold,  but  it  easily  oxidizes  when  melted,  and  at  a  red  heat  it  bums 
very  brightly,  giving  rise  to  stannic  anhydride  (SnO*). 

Oxydizing  bodies,  such  as  nitric  acid  or  nitrate  of  potassium,  act  on 
tin,  producing  either  metastannic  acid  (Sn*H**0**),  polymeric  with 
stannic  acid  (SnH*0*),  or  stannate  of  potassium  (SuKK)*). 

Tin  unites  directly  with  phosphorus,  sulphur,   chlorine,  bromine. 
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and  iodine.   Hydrocblorio  acid  dissolves  tin,  disengaging  hydrogen  and 
forming  protochloride  of  tin. 

Hydrochloric  Tin.  Protochloride  Hydrogen, 

add.  of  tin.* 

Differing  in  this  from  aU  the  metalloids  we  have  previously  studied, 
tin  forms  with  oxygen  an  oxide  (SnO),  which  is  a  true  basic  anhydride, 
capable  of  combining  directly  with  acid  anhydrides  and  with  acids, 
forming  salts,  with  the  elimination  of  water.  These  salts  may  be 
recognized  by  the  following  characters  : 

1st.  Water  decomposes  them,  forming  an  insoluble  sub  salt,  while  a 
certain  quantity  of  acid  set  &ee,  holds  in  solution  a  portion  of  the 
salt  undecomposed. 

2nd.  Potash  added  to  this  solution,  causes  the  formation  of  a  precipi- 
tate soluble  in  an  excess  of  the  reagent,  but  which  again  becomes  depo- 
sited when  the  solution  is  exposed  in  vacuo. 

3rd.  The  chloride  of  gold  produces  in  the  solution  of  these  salts  a 
purple-coloured  precipitate  (the  purple  of  Cassius). 

4th.  Hydrosulphuric  acid  gives  rise  to  a  brown  precipitate,  soluble 
in  hydrosulphate  of  ammonia  and  in  boiling  hydrochloric  acid,  but  in- 
soluble in  ammonia. 


COMBINATIONS  OF  TIN  WITH  METALLOIDS 
PBEVIOUSLY  STUDIED. 

Protochloride  of  Tin  (SnCP). — This  compound  is  obtained  by  dis- 
solving tin  in  hydrochloric  acid.  It  is  a  crystalline  body,  and  is  vola- 
tile at  a  low  red  heat. 

Water  decomposes  it  into  hydrochloric  acid  and  oxychloride  of  tin 
(Sn«Cl«0). 

Protochloride  Water.  Oxychloride  Hydrochloric 

of  tin.  ol  tin.  add. 

The  solution  of  protochloride  of  tin,  heated  in  presence  of  hydro- 
chloric acid  and  sulphurous  anhydride,  gives  rise  to  a  yellow  deposit 
of  bisulphide  of  tin : 

"(SO  +<»■)  +  «(S})  =  {^)  +  Ka-I)  +  *©<') 

Protochloride  Solpliannie  Hydrochloric      Bisulphide  Tetrachloride  Water, 

of  tin.  anhydride.  acid.  ofUn.  of  tin. 

♦  The  term  proio,  placed  before  chloride,  does  not  indicate,  as  the  term  ttumo  would, 
that  the  oompoand  contaioB  a  single  atom  of  chlorine,  bat  that  it  is  the  least  chlorinated 
of  all  the  compounds  which  tin  can  form ;  it  represents  the  first  degree  of  chlorination 

of  tin. 

L 
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The  protochloride  of  tin  has  a  strong  affinity  for  chlorine,  which 
transforms  it  into  perchloride  of  tin,  and  for  oxygen,  which  transforms 
it  into  a  mixtore  of  perchloride  of  tin  and  stannic  acid  : 

<s.ci.)  +  Of   ^  (Bjo)   .   ((snoj"),,)  ^  (s„a-) 


l^rotochloride 
of  tin. 


+  n^  + 

Oxygen. 


Water. 


Stannic  acid. 


Perchloride 
of  tin. 


Ferohloride  of  Tin. — This  body  is  prepared  by  passing  a  current  of 
chlorine  in  excess  over  tin  gently  heated.  It  is  a  fuming  liquid, 
which  forms  with  water  a  cr3'^stallizable  hydrate  (SnCl*,5aq). 

Bases  decompose  it  into  metallic  stannate  and  chloride  : 


m  - 

«(5!o) 

=  (^Pl  0.  +  .(54) 

Perchloride 
of  tin. 

Potaah. 

Potaario  stannate.            Chloride  of 

potaadum. 

+   3 


(11°) 

Water. 


Hydrosulphuric  acid  added  to  the  solution  forms  a  yellow  precipitate 
of  sulphide  of  tin,  soluble  in  ammonia,  in  hydrosulphate  of  ammonia, 
and  in  boiling  hydrochloric  acid. 

The  chloride  of  gold  does  not  precipitate  it. 

Bromides  of  Tin. — The  protobromide  of  tin  is  prepared  like  the  pro- 
tochloride, and  possesses  analogous  properties.  It  is  the  same  with  the 
perbromide. 

Iodides  of  Tin. — The  protiodide  of  tin  is  prepared  by  the  direct 
combination  of  one  atom  of  tin  and  two  atoms  of  iodine.  Its  properties 
are  analogous  to  those  of  the  protochloride  and  the  protobromide.  The 
periodide  is  also  obtained  by  direct  synthesis,  and  possesses  similar 
properties  to  those  of  its  two  congeners. 

Fluorides  of  Tin. — Two  fluorides  of  tin  are  known  :  the  protofluoride 
(SnFP)  and  the  perfluoride  (SnFl*).  These  are  obtained  by  treating 
either  the  protoxide  of  tin  or  stannic  anhydride  by  hydrofluoric 
acid: 


Hydrofluoric 
acid. 


(SnO)      +       2(H})       =       (snW) 

Protofluoride 
of  tin. 

(SnFp) 

Perfluoride 
of  tin. 


Protoxide 
of  tin. 

(SnO«) 

stannic 
anhydride. 


(SO  - 


+ 


Hydrofluoric 
acid. 


(11°) 

Water. 

^(h}o) 


Water. 


Frotoxlde  of  Tin.— When  protochloride  of  tin  is  precipitated  by 

potash,   protohydrate  of  tin  is  obtained  { ^^^  I  0'\      This  body  is 

white  and  insoluble  in  water.  It  can  act  as  a  base,  that  is  to  say,  it 
can  enter  into  double  decomposition  with  acids,  or  it  can  act  as  an 
acid,  entering  into  double  decomposition  with  bases : 


STANNIC  ACID. 
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Hydrate  of  tin. 


+ 


(^]o.)   . 

Salpburic  add. 


Sulphate  of  tin. 


+     2 


(Ho) 

Water. 


@"f0.)    +     .(|)0)     =     (^"|0.)     +     2(H[0) 


Hydrate  of  tin. 


Potash. 


Stanniteof 
potaasium. 


Water. 


The  aqneoTis  solntion  of  stannite  of  potassium,  left  in  vacuo,  deposits 
black  crystals  of  anhydrous  oxide  of  tin,  which  decrepitate  when  heated 
and  are  transformed  into  small  laminsB  of  an  olive  colour.  The  same 
solution,  submitted  to  the  action  of  heat,  becomes  transformed  into 
stannate  of  potassium  and  tin,  which  is  precipitated : 


Kl:»  +  (i(«)  - 


Stanniteof 
potaasinm. 


Water. 


Stannate  of 
potaasinm. 


+     2 


(Ih) 


-h    Sn 


Potash. 


Tin. 


Hydrate  of  tin  boiled  with  an  excess  of  ammonia  loses  water,  and 
there  remains  anhydrous  protoxide  of  tin  of  an  olive  colour : 


(i?i  »•) 

Hydrate  of  tin. 


(Sno) 

Anhydrona 
protoxide  of  tin. 


+ 


(1 } «) 

Water. 


When  the  protochloride  of  tin  is  precipitated  by  an  excess  of  am- 
monia, in  which  it  is  boiled  for  a  short  time,  and  the  mass  dried  without 
separating  the  hydrochlorate  of  ammonia  formed,  a  protoxide  of  tin  is 
obtained  of  a  fine  red  colour.     This  oxide  becomes  olive  on  friction. 

Protoxide  of  tin  is  therefore  polymorphous,  and  the  most  stable  of  its 
three  forms  is  that  in  which  it  has  an  olive  colour. 

Stannic  Anhydride  (SnO*)  (^Stannic  and  Metastannic  Acids). — Stannic 
anhydride  is  formed  when  stannic  and  metastannic  acids  are  strongly 
calcined.  It  constitutes  a  white  mass,  insoluble  in  water,  and  capable 
of  forming  stannates  when  heated  with  an  excess  of  potash  or  soda. 

Btanziic  Acid  (^  ^  jt"  i  0"  Y— This  acid  is  none  other  than  the  first 

anhydride  of  the  unknown  acid  (    tt*  i  ^* )'    ^^^^  obtained  by  precipi- 
tating the  stannates  by  hydrochloi-ic  acid  : 


stannate  of 
potaaaluni. 


Hydrochloric 
add. 


Stannic  add. 


Chloride  of 
potaaaian]. 


It  is  a  white  gelatinous  body,  soluble  in  dilute  nitric  and  sulphuric 
acids. 

Under  the  influence  of  a  gentle  heat  it  becomes  transformed  into  a 
polymeric  body,  metastannic  acid : 

(Suoy 

MetuKtannic  acid. 

h  2 


5((s»gr|o-) 


I 


o 


10 


Stannic  acid. 
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At  a  red  heat  it  loses  its  water,  and  is  transformed  into  stannic  anhy- 
dride. 

It  combines  with  bases  giving  salts,  the  formula  of  which  is  : 

Metaataanic  Add  (^^'^^lol  0»»\— Thisis  the  firet  anhydride  of  the 

unknown  pentastannio  acid  (jiiA  0^*\ 

It  is  obtained  by  heating  tin  with  nitric  acid : 

15Sn  +  6(|}0)  +  20(^O-|o^)  ^  3(%):|o«)  +  20(KO) 

Tin.  Water.  Nitric  acid.  Metastannic  Biooxide 

acid.  of  nitrogen. 

Metastannic  acid  is  a  white  crystalline  body,  insoluble  in  water,  and 
in  dilute  nitric  and  sulphuric  acids ;  it  dissolves  in  hydrochloric 
acid  and  in  concentrated  sulphuric  acid.  Water  does  not  precipitate  it 
from  its  solutions. 

When  it  has  been  prepared  by  means  of  nitric  acid,  it  is  insoluble  in 
ammonia ;  but  if  it  has  been  precipitated  from  the  solution  of  one  of 
its  salts  by  means  of  an  acid,  it  dissolves  readily  in  this  alkali. 


With  bases  it  forms  salts  whose  formula  is 


.(<^°^}o-). 


Heated  with  an  excess  of  base,  these  salts  are  transformed  into 
stannates. 

Sulphides  of  Tin. — There  are  two  sulphides  of  tin  :  the  protosul- 
phide  (SnS),  and  the  bisulphide  (SnS*). 

Both  these  may  be  obtained  by  transmitting  a  current  of  sulphuretted 
hydrogen  into  the  corresponding  chlorides  : 

(?l"D  +  ^(I(«)  -  (s»"s-)  +  He.}) 

Perchloride  Solpburetted  Bisnipblde  Hydrochloric 

of  tin.  bydrogen.  of  do.  acid. 

m  +  (§)s)  =  (S.S)  +  .(H|) 

Protocbloride  Salpburetted  Protoeulphide  Hydrochloric 

of  tin.  hydrogen.  of  tin.  acid. 

Bisulphide  of  tin  may  also  be  prepared  by  heating  a  mixture  of 
12  parts  of  tin  amalgamated  with  6  parts  of  mercury,  7  of  sulphur,  and 
6  of  chloride  of  ammonium,  until  complete  evaporation  of  the  mer- 
cury and  the  chloride  of  ammonium  takes  place. 

The  two  sulphides  of  tin  can  be  combined  with  alkaline  sulphides, 
producing  sulpho-salts. 
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ZIRCONITTM-TIT  ANITTM  -THOBINUM. 

These  bodies  are  too  rare,  and  of  too  slight  importance  to  be  studied 
in  detail  in  this  work.  Their  properties  place  them  bj  the  side  of  the 
preceding  metalloids. 


GENERAL  REMARKS  ON  TETRATOMIC  METALLOIDS. 

The  simple  bodies  of  this  family,  being  tetratomic,  onght  to  be  able 
to  combine  at  most  with  four  monatomic  radicles,  forming  compounds 
which  correspond  to  the  formula  (R'^X*).  Moreover,  as  polyatomic 
radicles  have  the  power  of  accumulating  in  molecules,  the  simple 
bodies  of  this  family  may  form  with  monatomic  radicles  an  indefinite 
number  of  compounds  containing  any  quantity  of  these  latter,  inferior 
to  four  atoms  for  one  of  the  tetratomic  body. 

Let  us,  like  M.  K^kul^,  for  example,  represent  a  tetratomic  atom  by 
the  figure  GIZZZ),  and  a  monatomic  atom  by  the  figure  ©,  we  may 
conceive : 

1st.  That  a  tetratomic  atom  may  be  saturated  by  four  monatomic 

atoms  ®®®® 
atoms  M     i     i     I  ) 

2nd.  That  two  tetratomic  atoms  may  be  saturated  by  six  mona- 
tomic   atoms,   the  two  tetratomic  atoms  partially    saturating    ecush 

nthftr  Ci     i     11)0®   0 

3rd.  That  three  tetratomic  atoms  may  be  saturated  by  eight  mona- 
tomic atoms   0"0  ®qZ3     <     i )  (1)  ®  0 
lomic  aioms  f  j     ,     in  0  0  a     t     i     n 

In  a  word,  that  a  group  formed  by  any  number  of  tetratomic  atoms 
requires  for  its  saturation  a  number  of  monatomic  atoms  equal  to  double 
the  number  of  tetratomic  atoms  +  2.  Thus,  on  designating  by  R  the 
tetratomic  radicle,  and  by  X  the  monatomic  radicle,  we  shall  have 
for  all  the  possible  saturated  compounds  of  these  two  radicles  the 
general  formula  R"  =  X*""***,  without  being  able  up  to  the  present  time 
to  fix  the  limits  of  the  values  of  n.* 

As  every  saturated  body  may  lose  a  part  of  its  elements  giving  rise 

to  incomplete  molecules,  we  may  further  conceive  that  each  of  the  com- 

• 
*  Id  order  that  a  body  shall  really  exist,  it  is  not  snfflcient  that  the  atoms  which 
coDstitate  it  possess  the  number  of  centres  of  attraction  without  which  the  grouping 
wonld  be  impossible ;  elective  affinities  are  also  necessary,  able  to  determine  the  sta- 
bility of  the  grouping.  If,  for  example,  three  tetratomic  atoms  and  eight  monatomic 
atoms  had  less  tendency  to  form  a  single  molecule  of  the  form 

r  I     i      i      i :)  0   0  CT — i      *      *  ) 

0  0  ©  ( I    ■    I    r:)  0  0  0 
than  to  form  three  molecules  of  the  form  ^^ttt^  %  ^^  0000'  ^*  "  evident  that 
the  group  B'^'^X'^  would  never  bo  produced. 
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pounds  corresponding  to  the  preceding  general  formula  may  lose 
snccessively  1,  2,  3,  4,  5. . .  .n  moleoules  of  the  monatomic  element, 
thereby  forming  new  nonnaaturated  compounds.  (When the  monatomic 
element  these  bodies  have  lost  is  hydrogen,  M.  Louren90  calls  them 
anhydrogenides.) 

Between  carbon  and  hydrogen,  for  example,  all  the  following  combi- 
nations are  theoretically  possible  : — 


SATURATED 
COMPOUNDS. 

NON-SATURATED  COMPOUNDS.   . 

C  H* 

C  H« 

C'H* 
C*H» 
C*H'' 

•  •            •  • 

C«H« 
CH* 
C*H« 
C*H» 

•  •     •  • 

•  •     ■  • 

C*H« 
C*H* 
C'H« 

■  •     •  • 
•  •     •  • 

» •     •  • 

C*H« 
C*H* 

C'ff 

C"H» 

C*  H" 

C*H» 

C*H* 

-tm 

(?H»* 

C^H" 

C'H'^ 

C«H» 

C»H« 

CH- 

—tm 

C^H" 

C'W* 

C^H" 

(yW 

C'H» 

(7H» 

"Mm 

CH" 

C»H" 

C^H" 

C"H»'^ 

(?H»' 

C*H»» 

-■" 

C*H» 

C'H" 

C'H" 

CW* 

(?H" 

Q^giMm 

CioH« 

C"H* 

•  •     •  • 

•  •     •  • 

C"H'* 

C'°H'*-»* 

•  •     •  • 

•  •     •  • 

•  •     ■  • 

•  •     •  • 

•  •     •  • 

•  •     •  ■    • 

■        •  • 

•  •     •  • 

■  •    •  •     • 

•  • 
•       •  • 

C-H*'+« 


C-H« 


C'H 


C-H 


C"H*-« 


C-H 


IM— 6-tlll 


A  series  of  analogous  combinations  may  equedly  be  imagined  between 
carbon  and  simple  or  compound  monatomic  radicles  other  than  hydro- 
gen ;  and  similar  series  in  which,  instead  of  carbon,  the  other  tetra- 
tomic  metalloids,  that  is  to  say,  [silicon,  zirconium,  tin,  and  titanium 
take  part. 

In  reality  these  series,  with  the  exception  of  the  carbon  group,  are 
very  little  known.  Of  the  latter,  most  of  the  hydrogenized  compounds 
contained  in  the  preceding  table  can  be  prepared,  and  also  the  corre- 
sponding chlorine  and  bromine  compounds. 

As  to  silicon,  we  only  know  silicated  hydrogen  (SiH*),  and  the  chlo 
ride,  bromide,  and  fluoride  of  silicon  : 

(SiC10,(SiBr*)    and     (SiFl*) 

« 

Up  to  the  present  time  no  hydrogenized  compound  has  been  pre- 
pared either  of  tin,  zirconium,  or  titanium.  The  chlorides  (SnCl*), 
(SnCl*)  ;  bromides  (SnBr*),  (SnBr*) ;  and  the  fluorides  of  tin  (SnFl«), 
(SnFl*),  are  known,  as  well  as  a  chloride  of  zirconium  (ZrCl*) ;  the 
two  saturated  chlorides  of  titanium  (TiCl*)  and  (TiCl*),  and  the 
fluoride  of  the  same  body  (TiFl*). 

Al]  the  metalloids  of  this  family  ai*e  capable  of  uniting  with  the 
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biatomic  metalloids.  Each  of  them  forms  two  oxides  and  two  sul- 
phides, which  answer  to  the  formulas  {BTX'')  and  (R^^X"*).  But  the 
protoxide  of  silicon  is  not  known  with  certainty,  and  the  protoxide 
of  zirconium  and  the  protosulphides  of  carbon  and  titanium  are  not 
known  at  all.  On  the  contrary,  a  sesquioxide  of  titanium  (Ti*0")  has 
been  prepared,  corresponding  to  the  chloride  (Ti'Cl*). 

The  sulphides  of  these  bodies  can  all  form  sulpho-salts  by  combina- 
tion with  alkaline  sulphides. 

The  binoxides  are  all  acid  anhydrides;  those  of  zirconium  and 
thorium,  nevertheless,  can  act  as  basic  anhydrides.  As  to  the  pro- 
toxides, they  sometimes  act  as  basic  anhydrides,  sometimes  both 
as  basic  and  acid  anhydrides,  and  sometimes  they  do  not  act  as 
either. 


FIFTH  GROUP  (PENTATOMIC  METALLOIDS). 


NITBOaEN 


Atomic  weight  =  14.    Molecular  weight  =  28. 

Nitrogen  constitutes  about  four-fifths  of  the  atmospheric  air ;  it  is 
prepared : 

1st.  By  leaving  phosphorus  at  the  ordinary  temperature  in  a  bell- 
glass  full  of  air  until  the  gaseous  volume  no  longer  diminishes,  which 
indicates  that  all  the  oxygen  is  absorbed. 

2nd.  By  burning  phosphorus  under  a  bell-glass  full  of  air,  and  placed 
over  a  water  bath  ;  the  phosphoric  anhydride  which  forms  by  the  con- 
sumption of  the  oxygen  of  the  air  is  dissolved  in  water  in  the  state  of 
metaphosphoric  acid,  and  nitrogen  nearly  pure  remains  in  the  glass. 

t3rd.  By  transmitting  a  cuiTent  of  air  slowly  through  a  tube  heated 
to  dull  redness  and  full  of  copper  filings ;  the  oxygen  is  fixed  by  the 
metal,  and  the  gas  which  comes  out  of  the  apparatus  is  pure  nitrogen, 
and  may  be  collected  as  soon  as  the  air  which  fills  the  tube  contain- 
ing the  copper  has  been  expelled. 

4th.  By  causing  chlorine  to  act  on  an  aqueous  solution  of  ammonia : 

8(nH.)     +    3(g})     =     6(nH'Ci)     +    gf 

Ammonia.  Chlorine.  Chloride  of  Nitrogen. 

ammonium. 

The  general  mode  of  conducting  the  operation  is  to  cause  a  current 
of  gaseous  chlorine  to  pass  into  a  Woulf  s  bottle  with  three  tubulures, 
half  full  of  ammonia,  and  then  to  collect  the  gas  which  comes  out  of 
the  bottle.     Care  must  be  taken  to  maintain  the  ammonia  always  in 
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great  excess,  or  the  reaction  of  the  chlorine  on  the  chloride  of  ammo- 
nium would  give  rise  to  chloride  of  nitrogen,  a  very  explosive  body, 
which  might  occasion  very  serious  accidents* 

5th.  By  boiling  a  solution  of  nitrite  of  ammonium ;  water  and  free 
nitrogen  are  produced : 

Nitrite  of  Water.  KItiogen. 

ammonJum. 

Nitrogen  is  a  permanent  gas,  colourless,  inodorous,  and  tasteless. 
Its  density  is  0*972;  water  only  dissolves  ^gg^  of  its  volume.  It 
does  not  bum  nor  support  combustion.  Though  not  poisonous,  ani- 
mals and  plants  die  in  it,  through  being  deprived  of  oxygen. 

Nitrogen  only  combines  directly  with  oxygen  when  this  latter  body 
has  been  previously  transformed  into  ozone  by  the  electric  spark,  or 
by  some  other  means.  But  still  the  presence  of  a  powerful  base  seems 
necessary  for  the  combination  to  take  place. 

Nitrogen  combines  directly  with  boron  and  titanium  at  a  red  heat. 

It  also  combines  at  a  red  heat  with  carbon  when  this  body  has  been 
previously  mixed  with  carbonate  of  potassium  or  sodium.  In  this  case 
a  compound  is  formed  whose  formula  is  (CNK),  the  cyanide  of  potassium. 

Hydrogen  only  combines  indirectly  with  nitrogen. 

In  certain  mines  pure  nitrogen  is  produced  in  consequence  of  the 
oxidation  by  air  of  sulphide  of  iron  and  sulphide  of  copper  existing 
there. 


COMBINATIONS  OF  NITROGEN  WITH  THE  METALLIODS 

PREVIOUSLY  STUDIED. 

Ammonia  (NH*). — When  azotized  organic  matters  are  calcined  or 
left  to  putrefy ;  or,  to  speak  more  generally,  every  time  that  nitrogen 
and  hydrogen  meet  in  a  nascent  state  in  presence  of  an  acid,  salts  are 
produced  which  answer  to  the  formula  (NH*R),  R  being  any  radicle 
whatever.  These  salts  distilled  in  the  presence  of  a  base  liberate 
ammonia  in  the  gaseous  state : 

.(kH«)+(«]0.).(«])+.(H}0)h-2|}n) 

Chloride  of  Hydrate  of  Chloride  Water.  Ammonia, 

ammoniam.  lime.  of  caldum. 

The  gas  is  transmitted  through  a  tube  full  of  fragments  of  caustic 
potash,  which  absorbs  the  water  formed  in  the  preceding  reaction,  and 
the  gas  is  afterwards  collected  in  a  bell-glass  placed  over  mercury. 
Ammonia  is  gaseous  at  the  oidinary  temperature  and  under  the 
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ordinary  pressure,  but  it  liquefies  at  a  low  temperature  or  under 
great  pressure ;  it  maj  also  be  obtained  as  a  white  translucent  solid, 
fusible  at  —75° 

In  tbe  gaseous  state  ammonia  is  colourless  and  has  a  pungent  odour ; 
its  density  is  0*591.     Water  dissolves  about  500  times  its  volume. 

At  a  low  red  heat,  or  under  the  influence  of  a  series  of  electric 
sparks,  ammoniacal  gas  decomposes  into  its  elements ;  in  this  case  it 
is  observed  that  the  gaseous  volume  augments  one  half. 

Ammoniacal  gas  extinguishes  combustion.  It  does  not  bum  in  air, 
but  it  bums  in  pure  oxygen,  giving  rise  to  water  and  free  nitrogen  ;  if 
a  current  of  mixed  ammoniacal  gas  and  oxygen  be  directed  on  to 
spongy  platinum,  water  and  nitric  acid  are  produced : 

(nH.)     +     .(0|)     .     (NO-jo)    +    (H|0) 

Ammonia.  Oxygen.  Nitric  add.  Water. 

Chlorine  and  bromine  react  with  ammonia,  giving  hydrochloric  or 
hydrobromic  acid  and  free  nitrogen.  With  iodine  an  explosive  com- 
pound is  obtained. 

At  a  high  temperature  sulphur  acts  on  ammonia,  producing  hydro- 
sulphate  of  ammonium  and  free  nitrogen  : 

.o(NH-)   +   3(11)    =    e(«l-(s)  +   .(«}) 

Ammonia.  Sulphur.  Hvdroeulpbate  Nitrogen. 

of  ammoninm. 

At  a  red  heat  carbon  transforms  ammonia  into  cyanide  of  am- 
monium : 

2(NH«)     +      C       =       (NH-CN)      -f-      g} 

Ammonia.  Carbon.  Qyanideof  Hydrogen. 

anmumium. 

Alkaline  metals,  heated  in  a  current  of  ammoniacal  gas,  are  sub- 
stituted for  an  atom  of  the  hydrogen  contained  in  this  body,  and  give 
compounds  known  as  amides : 


<h}k)    +  I)     - 

Kg}" 

Ammonia.                  Potaaslnm. 

Amide  of 
poiaasium. 

H 
H 


f 


Hydrogen. 

At  a  greater  heat  these  products  divide  into  ordinary  ammonia  and 
trimetalUc  nitride : 

Kl}")  "  (ih)  ^  41}") 

Amide  of  Nitride  of  Ammonia, 

potaasimn.  potaaslmn. 

At  a  still  higher  temperature  these  nitrides  divide  into  metal  and  free 
nitrogen : 
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2(K^)       .       3(1))      +       «) 

Nitride  of  Potaflflium.  NitrogexL 

potasdain. 

Ammoniacal  gas  colours  the  reddened  tincture  of  litmus  blue,  and 
combines  directly  with  acids  forming  salts.  This  property  is  owing  to 
the  pentatomicity  of  nitrogen,  which  tends  to  become  saturated,  forming 
compounds  of  the  (NX^)  type.  Ammoniacal  gas  also  combines  with 
acid  anhydrides.  But  the  products  arising  thus  have  none  of  the 
characteristic  properties  of  salts.     (See  Amides,^ 

Ammoniacal  salts  present  very  great  analogies,  both  in  their  crys- 
talline forms  and  in  their  relictions,  to  alkaline  salts.  These  analogies 
may  be  explained  by  placing  among  these  salts  the  group  (NH*)  (am- 
monium), which  acts  as  a  compound  monatomic  electro-positive  radicle. 
All  the  objections  that  have  been  made  to  this  hypothesis  are  removed 
by  the  theory  of  the  atomicity  of  elements. 

If  sal-ammoniac  be  decomposed  by  the  galvanic  current  in  presence 
of  mercury,  on  plunging  the  negative  electrode  into  this  liquid,  the 
mercury  is  observed  to  swell  considerably.  K  the  pasty  mass  that 
forms  be  distilled,  it  decomposes  into  mercury,  ammonia,  and  hy- 
drogen. It  is  also  observed  that  for  one  molecule  of  ammonia 
liberated,  one  atom  of  hydrogen  becomes  disengaged.  The  galvanic 
current  therefore  decomposes  the  chloride  of  ammonium  (NH*,CI)  into 
chlorine  and  ammonium  (NH^),  as  it  decomposes  the  chloride  of  sodium 
into  chlorine  and  sodium,  and  if  the  ammonium  does  not  remain  isolated 
when  the  mercury  is  evaporated  it  is  only  because  it  is  instable  in  a 
free  state. 

The  preceding  mercurial  compound  may  also  be  obtained  by  decom- 
posing the  chloride  of  anmionium  by  the  amalgam  of  potassium  or 
sodium,  the  alkaline  metal  then  directly  displaces  the  ammonium. 
This  mercurial  compound  ought  to  be  considered  as  an  amalgam  of 
ammonium. 

The  aqueous  solution  of  ammonia  is  much  used  :  it  is  obtained  by 
transmitting  a  current  of  ammoniacal  gas  into  Woulfs  apparatus,  and 
has  received  the  name  of  liquid  ammonia.  When  it  is  heated,  the  gas 
it  contains  becomes  wholly  disengaged. 

In  medicine,  liquid  ammonia  is  used  to  produce  rapid  blisters.  A 
dose  of  a  few  drops  is  also  taken  internally  as  a  remedy  for  intoxication. 
It  has  been  recommended  for  croup.  The  acetate  of  ammonia 
(Minderorus'  spirit)  is  very  useful  as  a  stimulant  diaphoretic  and 
an  emmenagogue. 

Chloride,  Bromide,  and  Iodide  of  Nitrogen* — When  chlorine  acts  on 
ammoniacal  salts  in  aqueous  solution,  a  liquid  is  formed,  the  composi- 
tion of  which  answers  to  the  formula  (NOP). 

This  liquid  can  react  on  bromide  of  potassium,  producing  a  bromide 
of  nitrogen  (NBr*). 

Free  iodine  also  reacts  on  ammonia,  giving  a  uitrogenizcd  product 
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which  appears  to  have  a  constitution  varying  according  to  the  mode  of 
iia  preparation.  According  to  M.  Stahlschmidt,  the  compound  obtained 
bj  the  action  of  an  alcoholic  solution  of  iodine  on  aqueous  ammonia, 
would  have  (NP)  for  formula,  and  that  obtained  by  treating  an  alco- 
holic solution  of  iodine  by  an  alcoholic  solution  of  ammonia  would 
answer  to  the  formula  (NITI). 

The  chlorides,  bromides,  and  iodides  of  nitrogen  are  very  explosive 
bodies,  dangerous  to  handle. 


Compounds  of  Nitrogen  with  Oxygen. 

The  compounds  of  nitrogen  with  oxygen  are : 

Protoxide  of  nitrogen  (N*0). 

Binoxide  of  nitrogen  (NO). 

Nitrous  anhydride  (N'O*),  and  the  nitrites  corresponding  to  it 
(NMO*). 

Hyponitride  NO*.     (Peroxide  of  nitrogen). 

Nitric  anhydride  N*0*,  and  the  nitrates  corresponding  to  it 
(NMO-). 

Protoxide  of  Nitrogen  N'O  is  obtained : — 

Ist.  By  heating  dry  nitrate  of  ammonium  in  a  glass  retort : 

P}<>)    =  ^(1(0)   +   H 

Nitrate  of  Water.  Protoxide  of 

ammoniiiin.  nitrogen. 

2nd.  By  heating  a  nitrosulphate : 

Nitrosulphate  Sulphate  of  Protoxide 

ofpotammn.  potassium.  of  nitrogen. 

3rd.  By  leaving  for  some  time  a  mixture  of  sulphurous  anhydride 
and  binoxide  of  nitrogen  in  water,  and  then  absorbing  the  excess  of 
sulphurous  anhydride  by  potash : 


(so*)    +     2  ('no) 

+  (ffo)   = 

=   egr)  0.)  +  (N^,) 

Sulphurons                Binoxide 

Water. 

Sulphuric  add.                Protoxide 

anhydride.              of  nitrogen. 

of  nitrogen. 

4th.  By  leaving  binoxide  of  nitn^en  on  moistened  iron  filings ;  the 
iron  absorbs  half  the  oxygen  of  the  binoxide  of  nitrogen,  which  is 
thus  transformed  into  protoxide : 

4(N0)         =         2(N'0)        +        g| 

Binoxide  of  Protoxide  of  Oxygen, 

nitrogen.  nitrogen. 

The  protoxide  of  nitrogen  is  a  colourless  and  inodorous  gas,  with  a 
slightly  sweetish  taste.  Water  dissolves  four-fifths  of  its  volume.  Its 
density  is  1  -627.     It  is  liquefied  at  0°  under  the  pressure  of  30  atmo- 
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spheres :  in  a  liquid  state  it  is  very  yolatile,  boils  at  —  88°  and  gives 
Yoluminous  crystals  when  evaporated  in  vacuo.  On  evaporation  it 
causes  so  great  a  reduction  in  ihe  temperature,  that  alcohol  in  contact 
with  it  becomes  so  viscous  that  it  does  not  run  out  when  the  vessel 
containing  it  is  inverted. 

The  protoxide  of  nitrogen  is  unstable;  it  readily  surrenders  its 
oxygen  to  combustible  bodies.  Thus  the  combustion  of  organic  matters, 
of  sulphur,  phosphorus,  and  hydrogen  takes  place  in  this  gas  even 
more  actively  than  in  air,  owing  to  the  greater  proportion  of  oxygen 
contaiued  in  it.  A  piece  of  carbon  bums  on  contact  with  liquid 
protoxide  of  nitrogen. 

When  protoxide  of  nitrogen  is  breathed  it  produces  a  species  of  in- 
toxication. It  usually  causes  uncontrollable  spasmodic  laughter ;  hence 
it  is  popularly  named  "  laughing  gas." 

This  gas  may  be  analyzed  by  heating  a  knovni  volume  in  a  curved 
bell-glass  with  a  globule  of  sodium.  The  metal  takes  the  oxygen,  and 
there  remains  a  volume  of  nitrogen  equal  to  the  volume  of  the 
protoxide  employed. 

If  from  the  density  of  the  protoxide  of  nitrogen .     1  -  627 
the  density  of  nitrogen  be  subtracted    .     .     .     .     0*977 

there  remains     .     .     .    0*660 

which  approaches  the  half  of  the  density  of  oxygen :  two  volumes  of 
protoxide  of  nitrogen  therefore  contain  two  volumes  of  nitrogen  and 
one  volume  of  oxygen  united,  with  condensation  of  one-third. 

Binoxide  of  Nitrogen  (NO)  may  be  prepared : — 

1st.  By  causing  nitric  acid  to  act  on  copper  in  a  bottle  with  two 
tubtdures  similar  to  that  used  in  preparing  hydrogen : 


fflo) 


8(^  Hf^j      +       ^^"  = 

Nitric  add.  Copper. 

Nitrate  of  copper.  Water.  Binoxldeof 

nitrogen. 

2nd.  By  causing  a  diluted  acid  to  act  on  a  nitrite.  The  nitrous  acid 
which  forms  is  divided,  on  contact  with  water,  into  nitric  acid  and 
binoxide  of  nitrogen.  The  water  takes  no  part  in  the  reaction,  though 
its  presence  is  necessary : 


SCNHO*) 

=       2(N0) 

+ 

(JJHO*) 

+ 

(H-O) 

Nitrons  acid. 

Binoxide 
of  nitrogen. 

Nitrkuld. 

Water. 

3rd.  By  heating  a  mixture  of  protochloride  of  iron,  hydrochloric  acid, 
and  nitrate  of  potassium : 
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Frotochloride  Hydrochlorlo  Nitrate  of 

of  Iron.  acid.  potassium. 

Ferchloride  Chloride  of  Water.  Binoxide 

of  iron.  potassium.  of  nitrogen. 

The  binoxide  of  nitrogen  is  a  permanent  colourless  gas ;  its  density 
is  1*039:  it  dissolves  in  20  times  its  volume  of  water.  It  does  not 
possess  the  property  of  producing  an  acid  when  brought  into  contact 
with  water,  nor  of  forming  salts  on  contact  with  bases,  it  is  therefore 
not  an  acid  anhydride. 

This  gas  combines  directly  with  the  oxygen  of  the  air,  producing 
reddish  vapours  of  hyponitride : 

2(N0)        +        o}         =         2^^^) 

Knoxlde  Oxygen.  Hyponitride. 

of  nitrogen. 

If  the  quantity  of  oxygen  present  be  only  equal  to  one  volume  for  four 
volumes  of  binoxide  of  nitrc^n,  hyponitride  is  no  longer  produced,  but 
nitrous  anhydride  is  formed : 

4(N0)         +         g|         =       2(N«0») 

Binoxide  Oxygen.  Nitrons 

of  nitrogen.  anbydridei 

The  binoxide  of  nitrogen  decomposes  at  red  heat  into  hyponitride 
and  free  nitrogen : 

4(N0)         =         ^}        +        2(N0') 

Binoxide  Nitrogen.  Hyponitride. 

of  nitrogen* 

It  dissolves  in  a  solution  of  protosulphate  of  iron.  This  solution, 
which  is  of  a  clear  green  colour,  becomes  a  reddish  brown,  which 
deepens  more  and  more  as  the  absorption  progresses ;  if  potash  be  after- 
wards added  and  it  be  heated,  ammonia  is  formed,  and  the  protoxide  of 
iron  passes  to  the  state  of  sesqnioxide. 

The  solutions  of  manganate  and  permanganate  of  potassium  also 
absorb  the  binoxide  of  nitrc^en. 

Though  possessing  more  oxygen  than  the  protoxide,  the  binoxide  of 
nitrogen,  owing  to  its  greater  stability,  is.  less  combustible  than  the 
first  of  these  gases.  Nevertheless,  bodies  having  great  affinity  fur 
oxygen,  such  as  phosphorus  or  carbon,  bum  brightly  when  they  are 
lighted  and  placed  in  it. 

Binoxide  of  nitrogen  is  analyzed  by  the  same  process  as  the  pro- 
toxide, and  we  thus  find  that  two  volumes  of  this  gas  contain  equal 
volumes  of  nitrogen  and  oxygen  united  without  condensation. 
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Nitpoufl  Anhydride  (N*0»)  and  Nitrites  (NMO«).— Nitrous  anhy- 
dride is  prepared : 

1st.  By  passing  into  a  cold  receiver  a  mixture  of  four  volumes  of 
binoxide  of  nitrogen  and  one  volume  of  oxygen. 

2nd.  By  decomposing  hyponitride  by  water  at  a  low  temperature : 

4(nO')     +     (h}^)     =     S^'nHO*)     +     (n'G") 

Hyponitride.  Water.  Nitric  add.  Nitrotts 

anhydride. 

Nitrous  anhydride  constitutes  a  blue  liquid,  which  is  very  volatile  and 
very  unstable,  boiling  at  about  (f. 

In  presence  of  water  and  at  an  ordinary  temperature,  it  decomposes 
into  binoxide  of  nitrogen  and  nitric  acid,  according  to  the  equation  : 

a^NK)')   +   (h}^)    =    4  (no)   +    2(nho») 

Nitroufl  Water.  Binoxide  Nitric  acid, 

anhydride.  of  nitrogen. 

Nitrites  are  obtained  by  heating  nitrates.  The  nitrites  of  potassium 
and  sodium  especially  are  easily  obtained  by  this  means.  They  are 
well-defined  salts. 

The  nitrite  of  ammonium  is  decomposed  by  a  veiy  slight  heat  into 
water  and  free  nitrogen.  The  analysis'  of  nitrous  anhydride  has  not 
been  made  directly,  its  composition  is  deduced  from  that  of  the 
nitrites. 

Hyponitride  (NO"). — This  is  obtained  : 

1st.  By  passing  a  mixture  of  two  volumes  of  binoxide  of  nitrogen  and 
one  volume  of  oxygen  into  a  very  cold  receiver. 

2nd.  By  decomposing  perfectly  dry  nitrate  of  lead  by  heat,  and 
receiving  the  products  of  the  decomposition  in  a  cold  receiver : 

^'^iTO  -  <-«>)  +  ♦("«■)  +  8} 

Nitrate  of  lead.  Oxide  of  lead.  Hyponitride.  Oxygen. 

Hyponitride  is  solid  below  9° :  above  that  it  assumes  a  liquid  state 
up  to  22°,  at  which  temperature  it  boils.  From  0  to  22°,  its  colour, 
which  was  light  yellow,  becomes  darker ;  its  vapour  is  a  deep  reddish 
brown.     The  density  of  this  vapour  is  1*72. 

Hyponitride  reddens  litmus  paper,  but  this  effect  does  not  belong  to 
it ;  it  is  the  result  of  its  decomposition  by  the  bases  contained  in  the 
tincture  of  litmus. 

Bases  and  basic  anhydrides  transform  hyponitride  into  a  mixture  of 
nitrate  and  nitrite. 

2(K0.)    +    .(Ifo)     .    fOjo)    +    (Y(0)    +    (H}0) 

Hyponitride.  Hydrate  of  Nitrite  of  Nltmteof  Water. 

potaaslam.  potaariiun.  potaadam. 

Water  also  decomposes  it  into  nitric  acid  and  nitrous  anhydride ; 
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bnt  on  account  of  the  instability  of  this  latter  body,  nitric  acid  and 
binoxide  of  nitrc^n  are  prodnced  at  the  ordinary  temperature.  The 
following  is  the  definite  equation : 

3(N0«)       +       (H«0)       =       2(NH0')       +       (NO) 

Hyponitride.  Water.  Nitric  add.  Binozido 

of  oltrogeD. 

But  we  must  observe  that  the  production  of  the  binoxide  of  nitrogen 
being  consecutive  to  that  of  nitrous  anhydride,  all  the  terms  of  the 
preceding  equation  must  be  doubled. 

Hyponitride  may  be  analyzed  by  weighing  a  certain  quantity  of  it, 
then  vaporizing  it,  and  passing  this  vapour  over  red-hot  copper  filings. 
The  oxygen  is  fixed  by  the  metal,  and  the  nitrogen  set  free  is  collected 
in  a  graduated  tube,  where  it  is  measured,  and  the  oxygen  calculated 
from  the  difference. 

Ifitric  Anhydride  (;fJO«r^)' — ^^*"^  anhydride,  which  was  long 

unknown,  has  been  obtained  by  M.  Deville,  who  prepared  it  by  trans- 
mitting a  current  of  perfectly  dry  chlorine  over  equally  well-dried 
nitrate  of  silver  at  a  temperature  of  95^.  It  is  a  solid  body,  crys- 
tallized in  prisms  of  the  third  system,  fusible  at  30^  and  volatile  at  47^. 
It  is  very  unstable.  In  presence  of  water  it  enters  into  double  de- 
composition, and  becomes  transformed  into  nitric  acid : 

(S'Sfo)     +     (1)0)      .      .(NO-Jo) 

Nitric  anhydride.  Water.  Nitric  add. 

It  is  analyzed  by  reducing  a  known  weight  to  vapour,  and  passing 
tbis  over  red-hot  copper  filings,  which  retain  the  oxygen :  the  nitrogen 
is  collected  and  the  proportion  ascertained  by  measuring  the  volume. 

Ifitric  Add  (      tt  i  ^  )' — ^^^^®^  *  mixture  of  oxygen  and  nitrogen 

is  submitted  to  the  action  of  a  succession  of  electric  sparks  in  presence 
of  a  solution  of  hydrate  of  potassium,  the  oxygen  becomes  ozonized,  and 
reacts  on  the  nitrogen  and  the  potash,  foiming  nitrate  of  potassium. 

These  nitrates  form  whenever  organic  matters  are  decomposed  in  air 
at  a  temperature  of  20°  or  30°,  in  presence  of  water  and  alkaline  carbo- 
nates.    In  Peru  there  exist  considerable  layers  of  nitrate  of  sodium. 

Nitric  acid  is  obtained  by  distilling  these  salts  with  a  quantity  of 
sulphuric  acid  sufficient  to  transform  their  metal  into  acid  sulphate : 

(r}o)  .  (T}-)  =   (f  }<.)  .  (-g-jo) 

Nitrati^of  Sttlphnric  add.  Acid  sulphate  Nitric  add. 

flodiuiD.  of  aodiam. 

If  half  the  sulphuric  acid  only  were  employed,  the  reaction  would  still 
take  place,  but  greater  heat  would  be  requisite,  and  part  of  the  nitric 
acid  would  be  decomposed. 
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The  acid  is  purified  by  distilling  it  over  nitrate  of  lead,  whioh  retains 
the  sulphuric  acid  evolved  in  ihe  first  process ;  the  first  portion  of  the 
product,  which  contains  hyponitride,  being  rejected. 

Normal  nitric  acid  thus  obtained  is  a  colourless  pungent  liquid ; 
it  is  very  corrosive,  and  colours  the  skin  yellow,  destroying  it;  its 
density  is  1-562  at  20°     It  boils  at  86"  and  freezes  at  -49°. 

In  the  light,  a  portion  of  the  acid  decomposes  into  hj'ponitride — 
which  colours  it  yellow —oxygen  and  water.  This  water  combines 
with  the  undecomposed  acid,  and  increases  its  stability. 

A  similar  decomposition  is  observed  when  nitric  acid  is  distilled. 
It  commences  to  boil  at  86°,  but  as  it  boils  it  partly  decomposes,  and 
the  water  formed  combines  with  the  undecomposed  portion,  whose 
boiling  point  it  elevates.  Thus  the  temperature  gradually  rises  up  to 
123°,  where  it  remains ;  the  liquid  which  then  passes  over  answers  to 
the  formula  ((NHO*)'+  3aq.).  This  is  a  definite  hydrate,  much 
more  stable  than  the  normal  acid,  and  constitutes  the  ordinary  nitric 
acid  of  commerce. 

With  the  exception  of  oxygen,  chlorine,  bromine,  and  nitrogen,  all 
the  metalloids  decompose  nitric  acid,  taking  a  part  of  its  oxygen. 
An  acid  then  foims  which  is  derived  from  the  metalloid  employed, 
or,  in  some  rare  cases,  a  basic  oxide  whioh  produces  a  salt  on  con- 
tact with  an  excess  of  nitric  acid,  as  takes  place  with  bismuth  and 
zirconium. 

Nitric  acid  acts  on  all  metals  except  gold,  platinum,  iridium,  rho- 
dium, and  ruthenium.  The  metals  take  a  part  of  its  oxygen  and  are 
transformed  into  basic  oxides,  which  in  presence  of  the  undecomposed 
acid  give  metallic  nitrates. 

In  these  reactions  binoxide  of  nitrogen  is  disengaged,  but  in  reality 
it  is  nitrous  acid  that  first  arises,  and  then  on  contact  with  water 
decomposes  into  nitric  acid  and  binoxide  of  nitrogen. 

It  is  a  remarkable  fact  that  the  normal  acid  acts  less  easily  on  metals 
than  the  hydrate  ((NHO")*-f-  3aq.).  This  seems  to  be  owing  to  the 
fact  that  the  nitrous  acid  produced  in  the  reaction  does  not  meet  with 
sufficient  water  for  its  decomposition  when  the  normal  acid  is  used. 

In  all  these  reactions  there  is  always  the  decomposition  of  a  certain 
quantity  of  water  with  production  of  hydrogen.  This  latter,  in  a 
nascent  state,  transforms  a  portion  of  the  nitric  acid  into  nitrate  of 
ammoniiun. 

■   ^CS}o)  +  «(!})  =  e(H|o)  +  (•;;o;.(o) 

Kitiloadd.  Hydrogen.  Water.  Nitrate  of 

amiuouium. 

Normal  nitric  acid  acts  very  strongly  on  certain  oi^anic  substances ; 
water  is  produced,  and  a  cumpoimd  which  by  its  composition  repre- 
sents the  primitive  substance  in  which  the  monatomic  radicle  (NO*)  is 
substituted  for  a  part  of  the  hydrogen  : 


■-    -'  ■ 
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(CH-)     +    (^h)o)     =     (C'fl'(NO»))    +    (|}o) 

Benzine.  Nitric  add.  Nitrobenzine.  Water. 

This  phenomenon  is  called  nitrous  substitution. 

When  nitric  acid  is  mixed  with  hydrochloric  acid,  and  the  mixture 
is  heated,  a  reaction  takes  place,  water  is  foimed,  and  at  the  same  time 
binoxide  of  nitrogen  and  chlorine  are  liberated : 

^Ch}^)     +     ^(^^)     =     4(h'0)    +     2  (no)     +     3(g|) 

Nitric  add.  Hydrochloric  Water.  Binoxide  of  Chlorine. 

add.  nitrogen. 

If  the  liquid  contain  only  the  preceding  mixture,  the  binoxide  of 

nitrogen  and  the  chlorine  combine,  and  the  compounds  discovered  by 

Gay-Lussac,  and  improperly  known  as  chloronitrous  acid     .     (NOCl) 

and  hypochloronitrio  acid     .     (NOCP), 
are  obtained. 

If,  on  the  contrary,  the  mixture  of  the  two  acids  contain  another 
body,  a  metal  or  a  metalloid,  this  body  takes  possession  of  the  nascent 
chlorine  and  is  dissolved  in  the  state  of  chloride,  or  it  becomes  oxidized 
at  the  cost  of  the  water,  whose  hydrogen  combines  with  the  chlorine. 
Analogous  phenomena  are  observed  when  hydrobromic  or  hydriodic 
acid  is  substituted  for  the  h^^drochloric  acid. 

The  mixture  of  hydrochloric  and  nitric  acids,  possessing  the  property 
of  dissolving  gold,  has  received  the  name  of  **  aqua  regia." 

The  composition  of  nitric  acid  is  deduced  from  that  of  nitrate  of  lead. 
If  a  known  weight  of  this  salt  be  strongly  calcined,  there  remains  pure 
oxide  of  lead,  which  is  weighed,  and  from  its  weight  that  of  the  lead 
which  the  nitrate  contained  is  deduced.  On  the  other  hand,  another 
known  weight  of  nitrate  of  lead  is  decomposed  by  heat  in  a  tnbe  which 
contains  copper  turnings,  the  nitrogen  is  set  free,  and  its  volume  mea- 
snred. 

If  from  the  weight  of  the  nitrate  of  lead  that  of  the  nitrogen  and 
lead  be  deducted,  there  remains  that  of  the  oxygen. 

Finally,  a  certain  quantity  of  nitric  acid  is  weighed  and  is  entirely 
transformed  into  nitrate  of  lead  by  heating  it  with  litharge  :  from  the 
weight  of  the  nitrate  produced  we  deduce  that  of  the  nitrogen  as  well 
as  that  of  the  oxygen  which  the  salt  contains,  and  which  in  consequence 
the  fii-st  nitric  acid  would  contain,  and  then  on  subtracting  their  weight 
from  that  of  this  acid  we  learn  the  proportion  of  the  hydrogen  by  the 
difference. 

FHOSFHOBUS  pi 

Atomic  weight  =  31.    Molecular  weight  =  124. 

Phosphorus  is  procured  from  bone  ash,  in  which  it  exists  in  the  state 
of  neutral  phosphate  of  calcium  (^  p  ^  i  0*\  along  with  carbonate  of 
calcium. 

M 
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To  extract  the  phosphoms,  the  bone  ash  is  digested  with  sulphuric 
acid  for  twenty-four  hours,  when  insoluble  sulphate  of  calcium,  and 
biacid  phosphate  of  calcium  soluble  in  water  are  formed,  as  well  as 
carbonic  anhj'diide,  which  is  disengaged. 

....  (s:]<^)  +  CZ'\^)  -  {^■■\<y)  +  (gf  o)  +  (CO.) 

Carbonate  of  Sulphuric  Sulphate  of  Water.  Carbonic 

calcium.  acid.  caldum.  anhydride. 

2.d.    (c^;-)^)  +  .(^70.)  =  .(^:}o.) 

Neutral  phosphato  Sulphuric  acid.  Sulphate  of 

of  calcium.  calcium. 


+ 


Biadd  phosphate 
of  calcium. 


After  twenty-four  hours  the  mixture  is  treated  with  water  and 
filtered.  The  filtered  liquor  is  first  evaporated  to  the  consistence  of 
a  syrup,  and  then  mixed  with  powdered  charcoal  and  evaporated  to 
dryness.  Finally,  this  mass  is  pulveinzed  and  placed  in  an  earthen- 
ware retort  which  is  heated  to  redness.  Pyrophosphate  of  calcium,  which 
remains  in  the  retort,  and  phosphoric  acid  are  produced.  This  latter, 
on  contact  with  red-hot  carbon,  gives  oxide  of  carbon,  hydrogen,  and 
phosphorus  in  vapour  which  are  brought  into  a  cold  receiver.  The 
final  reaction  may  be  explained  by  the  following  equation : 


• 

r(rO"')'l      -] 
4        Ca"  \0' 

+     10c     =     2    ^^ca"!}0»        +     10(CG 

Biacid  phoephatc 
ol  caldum. 

Carbon.                    PyrophoFphate  of                        Oxide  of 

calcium.                                 larbon. 

+    8(H}0)     +     F 

Water.               Phospbonu. 

The  equation  is  wi'itten  in  this  manner  although  all  the  members 
may  be  divided  by  two,  because  the  molecule  of  phosphorus  containing 
four  atoms,  the  smallest  quantity  of  this  body  that  can  become  free, 
corresponds  to  P*. 

To  purify  the  phosphorus,  it  is  tied  up  in  wash-leather  and  squeezed 
in  water  warmed  to  50°  or  60°.  The  phosphoinis  melts  and  passes 
through  the  pores  of  the  wash-leather,  wlich  retains  the  impurities. 

Finally,  a  workman  draws  into  a  tube  by  suction  the  phosphorus 
melted  under  water,  and  places  the  tube  in  cold  water,  where  the  phos- 
phorus is  solidified  in  a  stick  and  removed  from  the  tube. 

If  the  phosphorus  be  required  perfectly  pure,  it  ought  to  be  distilled 
in  an  atmosphere  of  hydrogen  gas. 

Ten  years  ago  it  was  proposed  to  extract  phosphorus  from  bone  ash 
by  heating  a  mixture  of  this  ash  and  carbon  in  a  current  of  hydrochloric 
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acid  gas.  This  process,  which  would  possess  the  advantage  of  giving 
the  whole  of  the  phosphorus  contained  in  the  bones,  has  however  not 
yet  been  applied.  Phosphorus  is  solid  at  the  ordinary  temperature  ; 
it  melts  at  44^  and  boils  at  290°.  Its  vapour  density  is  4*32 ;  from 
which  the  weight  of  its  molecule  is  deduced  to  be  124,  which  indi- 
cates that  this  molecule  contains  four  atoms,  the  atomic  weight  of 
phosphorus  being  31.     The  density  of  solid  phosphorus  is  1*83. 

Phosphorus  is  sufficiently  soft  to  be  marked  by  the  nail :  water  does 
not  dissolve  it ;  alcohol  and  ether  dissolve  a  small  quantity,  and  sul- 
phide of  carbon  dissolves  it  freely :  its  solution  in  the  latter  solvent 
submitted  to  spontaneous  evaporation  deposits  the  pho^phorus  in 
rhombic  dodecahedra. 

Phosphorus  is  yellow  and  transparent ;  left  under  water,  it  becomes 
covered  with  a  white  layer  formed  of  a  number  of  microscopic  ciystals. 

It  has  so  great  an  affinity  for  oxygen  that  it  combines  with  this 
metalloid  at  the  ordinary  temperature.  If  there  be  much  phos- 
phorus, the  heat  disengaged  may  suffice  to  cause  ignition.  Neverthe- 
less, in  perfectly  dry  oxygen,  the  combination  does  not  take  place 
unless  the  gas  has  only  a  very  slight  pressure.  On  account  of  its 
inflammability,  phosphorus  ought  to  be  kept  under  water  and  handled 
with  very  great  caution.  It  is  luminous  in  the  dark.  It  is  not  yet 
quite  certain  that  this  production  of  light  is  the  effect  of  slow  com- 
bustion. 

Phosphorus  does  not  combine  directly  either  with  nitrogen  or 
hydrogen ;  it  combines  readily  with  chlorine,  bromine,  iodine,  and 
sulphur ;  its  combination  with  chloiine  and  bromine  is  attended  with 
combustion ;  when  combined  with  sulphur,  unless  the  operation  be 
conducted  under  water,  it  may  give  rise  to  dangerous  explosions. 

Phosphorus  is  a  poweiiul  poison ;  a  small  dose  excites  the  organs  of 
generation  violently, 

AUotropio  Modification  of  Phosphorus. — Exposed  to  the  direct 
light  of  the  sun,  or,  what  is  better,  heated  for  several  hours  in  an  inert 
gas,  such  as  carbonic  acid,  to  a  temperature  of  235 — 250  degrees,  phos- 
phorus undergoes  an  important  modification.  It  becomes  red,  opaque, 
insoluble  in  sulphide  of  carbon  and  solvents  in  general,  and  its  density 
becomes  2.  It  may  be  kept  in  air  without  being  oxidized,  and  only 
Ignites  at  260°.  At  230^  it  combines  with  sulphur  without  explosion  ; 
its  affinity  for  chlorine,  iodine,  and  bromine,  is  less  than  when  it  is  in 
the  ordinary  state. 

Until  lately  red  phosphorus  was  considered  as  incapable  of  being 
crystallized ;  but  quite  recently  it  has  been  found  that  when  heated  in 
a  tube  hermetically  sealed  it  is  sublimed  before  melting,  and  gives 
greyish  crystals,  isomorphous  with  those  of  arsenic.  Bed  phosphorus 
would,  therefore,  correspond  to  the  normal  state  of  arsenic. 

Amorphous  phosphorus  is  not  poisonous,  perhaps  because  it  does  not 
oxidize.  Ordinary  phosphorus,  indeed,  seems  not  to  be  poisonous  of 
itself,  but  to  act  by  the  products  of  oxidation  to  which  it  gives  rise. 

N  2 
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Combinations  of  Phosphobus  with  Monatomjc  Mh^'alloids. 

There  are  three  phoephiiretted  hydrogens :  one  gaeeous  (PH*) ; 
another  liquid,  to  which  the  formula  (PH')  ia  usually  given,  but  which, 
I  think,  ought  to  be  represented  by  the  double  formula  (P'H*) ;  the 
third  solid,  ordinarily  written  (P'H),  but  which,  in  my  opinion, 
ought  aleo  to  have  its  formula  doubled. 

Qas«oiu  Phosphuratted  Hydrog«n  (PH"). — This  is  obtained  : — 
1st.  By  causing  hydrochloric  acid  to  act  on  phosphide  of  calcium  or 
any  other  metallic  phosphide  : 

(?;■!)  +  «(S!)  -  =(S'I)  +  K^:'D 

Plu«ptilde  HTdmcUoilc  CblurMeor  PbnnilHiRItcd 

2iid.  By  healing  phosphorus  with  water  and  a  base,  such  as  potash 
or  lime:  the  operation  ia  performed  by  means  of  an  apparatus  repre- 
sented by  Sg.  27  : 

P*     +  3(kH0)     +     s(tVO\     =     S^PH'KO')     +    (^1'}) 

FMMh.  WUer.  HnH|iliMnpbna  of 


3rd.  By  treating  ■with  water  the  impure  phosphides  of  calcium 
or  barium  which  are  prepared  by  passing  phosphorus  in  vapour  over 
lime  or  baryta  heated  to  redness.  Phosphnretted  hydrogen,  a  hypo- 
phosphite,  and  free  hydrogen,  are  produced.  Probably  the  equation 
of  this  reaction  is  the  following : — 

2(PC™)    +     14(5}  O) 

FIwqAIde  of  WMer. 

.     ((PH'0-)W)     +     2(PH-)     +     i(^']0-)     +     4(g)) 

Ujpop1ic«pbt[«  Pbofptaunttfll  Hjdnte  of  Hjdrogm. 

orc»lclQin.  hydrogm.  nfoldora. 


LIQUID  PHOSPHIDE  OF  HYDROGEN.  166 

4th.  By  distilling  phosphorous  acid  in  a  glass  retort :  perfectly  pure 
phospharetted  hydrogen  is  disengaged,  and  a  residue  of  phosphoiio 
acid  is  left : 

4(^PH'0»j         =         (^T))         +         3(PH»0*) 

Phospborov  Phospharetted  Phosphoric 

acid.  hydrogen.  acid. 

Gaseous  phosphnretted  hj^drogen  is  nearly  insoluble  in  water,  but  it 
readily  dissolves  in  alcohol  and  ether;  its  density  is  1*185.  It  is 
highly  inflammable ;  and  on  burning  deposits  red  phosphorus,  unless 
it  be  mixed  with  oxygen,  in  which  case  it  explodes  on  contact  with  a 
lighted  body,  and  bums  without  leaving  any  residue. 

Chlorine  decomposes  it  into  hydrochloric  acid  and  chloride  of  phos- 
phorus. 

Binoxide  of  nitrogen  communicates  directly  to  it  the  property  of 
igniting  in  air,  on  account  of  the  elevation  of  temperatui-e  which  takes 
place  when  the  binoxide  combines  with  the  oxygen  of  the  air. 

Phosphnretted  hydrogen,  prepared  by  phosphide  of  calcium — or 
by  a  base,  water,  and  phosphorus — also  possesses  the  property  of 
igniting  spontaneously;  but  this  is  owing  to  the  circumstance  of 
its  containing  a  small  quantity  of  vapour  of  liquid  phosphnretted 
hydrogen.  It  combines  directly  with  hydrobromic  or  hydriodic  acids, 
forming  the  crystallized  compounds  (PII*Br)  and  (PH*I),  which 
con-cspond  to  the  bromide  and  iodide  of  ammonium.  Water  and  bases 
decompose  these  salts,  refoiming  phosphnretted  hydrogen. 

The  chlorides  of  tin,  titanium,  antimony,  etc.,  form  with  phospha- 
retted hydrogen  crystallizable  compounds  which  water  decomposes. 

To  analyze  this  gas,  a  known  volume  is  passed  into  two  red-hot 
tubes  from  which  the  air  has  been  removed ;  the  first  of  these  con- 
tains copper  filings,  and  the  second  the  oxide  of  the  same  metal; 
the  phosphorus  is  fixed  by  the  copper  in  the  first  tube,  the  increase 
in  the  weight  of  which  marks  the  weight  of  this  metalloid  ;  while 
the  hydrogen  is  transformed  into  water  in  the  second  tube.  This 
liquid  is  received  into  a  U-shaped  tube  full  of  pumice-stone  satu- 
rated with  sulphuric  acid,  and  previously  weighed;  the  increase  in 
the  weight  indicates  that  of  the  water,  and  thence  that  of  the  hy- 
drogen is  deduced. 

Thus  we  find  that  phosphnretted  hydrogen  contains  in  a  hundred 
parts: 

Phosphorus 91*18 

Hydrogen 8*b2 

100-00 

Iiiqtdd  Phosphide  of  Hydrogen  (P'H*).  —  When  phosphnretted 
hydrogen  obtained  by  the  action  of  bases  and  water  on  phosphorus,  or 
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by  the  action  of  water  on  the  phosphide  of  calcram,  is  placed  in  a 
very  cold  reoeirer,  liquid  phosphide  of  hydrogen  is  condensed. 

This  body  is  spontaneously  inflammable,  and  a  trace  of  ite  vapour  is 
sufficient  to  communicate  this  property  to  combustible  gases,  such  as 
hydrc^en,  oxide  of  carbon,  and  gaseous  pbosphuretted  bydrt^n. 

Tlie  presence  of  an  acid  causes  it  to  decompose  into  gaseous  and 
solid  phosphides  of  hydrogen  : 

SCP-H*)  =  6(PH')         +         (P*H') 

Uqnld  Q-eoat  S»11<l 

of  hjflTDgMi.  bydrogen.  of  hydrog-n. 

We  have  doubled  the  ordinary  formula  employed  for  liquid  phos- 
phide of  hydrogen,  because  with  the  old  formula  it  would  represent 
a  radicle  of  uncTen  atomicity,  and  with  about  two  exceptions  radicles 
of  uneven  atomicity  cannot  exist  without  becoming  doubled,  andbesideu 
it  is  possible  that  the  true  formula  is  a  multiple  of  (PH*). 

The  determination  of  the  vapour  density  of  the  compound  can  alone 
decide  the  question. 

Solid  PhoBphide  of  Hydrogen  (P'lT).— This  is  obtained  in  con- 
siderable quantities  by  receiving  in  hydrochloric  acid  the  gaseous 
pbosphuretted  hydrogen  containing  the  liquid  phosphide,  collecting 
on  a  filter  the  powder  which  is  deposited,  and  drying  it  at  100''  after 
well  washing  it  in  water. 

Solid  phosphide  of  hydiogen  is  yellow  and  insoluble  in  water ;  it  is 
not  phosphoresceut ;  at  160°  it  takes  fire,  and  at  180°  it  decomposes  into 
phosphorus  and  hydrogen. 

We  have  doubled  its  formula  for  a  reason  analogous  to  that  which 
caused  UH  to  double  that  of  the  liquid  phosphide. 

Cblozideo,  Bromides,  and  Iodides  of  Phosphorus. — When  a  current 
of  dry  chlo'ine  is  transmitted  over  an  excess  of  phosphorus  placed  in  a 


tubulated  retort,  and  gently  heated  (fig.  28),  the  phosphorus  burn: 
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the  chlorine,  and  a  liquid  is  distilled,  which  is  colourless,  volatile 
at  78°,  and  which  has  for  formula  (POP) :  it  is  the  protochloride  of 
phosphorus. 

This  liquid  when  dry,  and  exposed  to  the  action  of  a  current  of 
chlorine,  becomes  transformed  into  a  solid  mass,  answering  to  the 
formula  (POP),  which  boils  at  148°.  This  is  the  perchloride  of  phos- 
phorus. 

On  contact  with  water  the  protochloride  of  phosphorus  gives  rise  to 
hydrochloric  and  phosphorous  acids  : 

(pa.)    +    3(Hf0)     .     3(H))     +    (P^'fo-) 

Protochloride  Water.  Hydrochloric  PhoB[dioroas 

of  phosphorus.  add.  add. 

When  the  water  is  in  excess  the  perchloride  becomes  transformed 
into  phosphoric  and  hydrochloric  acids  : 

M  +  H^h)  -  =(?.})  *  CS» 

Perchloride  Water.  Hydrochloric  Phosphoric 

of  phoephoms.  add.  add. 

But  if  the  quantity  of  water  be  insufficient  to  effect  the  complete 
decomposition,  it  simply  exchanges  two  atoms  of  chlorine  for  one 
atom  of  oxygen,  and  gives  oxychloride  of  phosphorus  (PCTO). 

(pop)    +    (|}0)     =     2(H))     ^    (PCIK)) 

P^chloride  Water.  Hydrochloric  Oxvchloride 

of  phosphorifck  add.  of  phosphorus. 

This  oxychloride  may  also  be  obtained  by  the  direct  action  of 
oxygen  on  the  perchloride  at  a  high  temperature;  chlorine  is  dis- 
engaged. 

On  causing  sulphuretted  hydrogen  instead  of  water  to  act  on 
perchloride  of  phosphorus,  a  chlorosulphide  of  phosphorus  (POPS) 
is  obtained,  which  is  simply  the  preceding  body  with  the  oxygen 
replaced  by  sulphur. 

By  dissolving  one  atomic  proportion  of  phosphorus  in  sulphide  of 
carbon,  adding  to  the  solution  three  atomic  proportions  of  bromine, 
and  evaporating  the  sulphide  of  carbon,  there  remains  liquid  proto- 
bromide  of  phosphorus  answering  to  the  formula  (PBr*),  and  precisely 
analogous  to  the  protochloi'ide  in  its  properties. 

If  bromine  be  added  to  this  product,  a  solid  perbromide  (PBr*)  is 
obtained,  which  can  form  compounds  similar  to  those  formed  by  the 
perchloride. 

Iodine  also  forms  two  compounds  with  phosphorus,  but  they  differ 
from  the  preceding :  the  protiodide  has  for  formula  (PP),  or  what  is 
better  (P«P),  and  the  periodide  (PP). 

On  contact  with  water   the  periodide  becomes  transformed  into 
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hydriodic  and  phosphorus  acids,  by  a  reaction   similar  to  that  we 
described  in  the  case  of  the  protochloride. 

As  on  contact  with  water  the  protiodide  disengages  hydriodio 
acid  without  depositing  phosphorus,  it  is  probable  that  in  this  reaction 
there  is  also  formed  a  mixture  of  phosphorous  and  hypophosphorous 
acids: 

(PI«)     +     5(^]0)     =     (^]0.)     +    (PWJ     +    4(H}) 

Protutodlde  Water.  Pho^horous  Hypopboephorom  Hydriodic 

ofpbospborus.  add.  acid.  add. 

The  chlorides,  bromides,  and  iodides  of  phosphorus  are  frequently 
used  in  organic  chemistry.  They  are  useful  in  procuring  the  replace- 
ment of  oxygen  by  chlorine,  bromine,  or  iodine. 


Oxygenized  Compounds  of  Phosphorus. 

There  are  three  oxy-acids  of  phosphorus:  hypophosphorous  acid 
(PH'O*),  phosphorous  acid  (PH«0«),  and  phosphoric  acid  (PH»0*).  The 
phosphorous  and  phosphoric  anhydrides  are  also  known. 

Hypophosphorous  Acid  (i*0'"|oh)  "^  (PH"0").  — We  have  seen 

that  when  phosphorus  is  heated  with  potash,  lime,  or  baryta  in  pre- 
sence of  water,  phosphuretted  hydrogen  is  disengaged,  while  a  hypo- 
phosphite  of  the  base  used  remains  in  solution. 

On  decomposing  hypophosphite  of  barium  by  dilute  sulphuric 
acid,  separating  the  sulphate  of  barium  by  filtration,  and  evapoi-ating 
the  filtered  liquid  to  the  consistence  of  a  syrup,  hypophosphorous  acid 
is  obtained,  which  answers  to  the  formula  (PH'O*) ;  but  of  the  three 
atoms  of  hydrogen  it  contains  only  one  can  be  replaced  by  a  metal. 
To  explain  this  fact,  M.  Lieben  has  proposed  to  give  to  hypophospho- 
rous acid  the  rational  formula  (       H   i  ^ )'  ^'^  ( ^^"]  OH  ) 

This  acid  has  a  great  affinity  for  oxygen :  it  reduces  sulphuric  acid, 
and  many  metallic  oxides ;  heated  in  the  absence  of  air,  it  leaves  a 
residue  of  phosphoric  acid,  and  disengages  gaseous  phosphuretted 
hydrogen  mixed  with  a  little  liquid  phosphide : 

2(PH«0«)         =         (PH»O0         +         (PH*) 

Hypophospborous  Phoepboric  Phospbnretted 

add.  add.  bydrogen. 

The  liquid  phosphide  must  arise  from  a  secondary  reaction. 

FhosphoroiLs  Add.— Phosphorous  acid  is  obtained  by  dissolving  pro- 
tochloride of  phosphorus  in  water  and  evaporating  at  a  gentle  heat  to 
get  rid  of  the  hydrochloric  acid  and  the  excess  of  water.  The  tempe- 
rature must  not  be  too  high,  because  the  phosphorous  acid  would  de- 
compose into  phosphuretted  hydrogen  and  phosphoric  acid.  (See 
phosphuretted  hydrogen.) 
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Fho8phoix)U8  acid  has  such  a  reducing  power  that  it  decompoBes 
sulphurous  anhydride  into  sulphur  and  oxygen. 

In  presence  of  hases,  phosphorous  acid  only  exchanges  two  atoms  of 
hydrogen  for  metals.     M.  Lieben  proposed  on  account  of  this  to  give  it 

the  formula  ("^^h'I^O*^^  ^^**  ^®  *^®  ®*™®  ^^"^^  IPO'"]  OH  j 

M.  Eailton  has  succeeded  in  replacing  the  three  atoms  of  hydrogen 
of  phosphorous  acid  by  ethyl.     The  triethylic  phosphite  ought  to  be 

(rc»H*  \ 
PO"VOC*H»l 
iOC'fP/ 

Phosphorous  anhydride   is  known.      This  body  is  formed   when 

phosphorus  is  ozidizsed  at  a  low  temperature  in  a  volume  of  oxygen 

insufficient  to  transform  this  metalloid  into  phosphoric  anhydride.     It 

is  also  produced  when  the  terchloiide  of  phosphorus  is  made  to  act  on 

phosphorous  acid. 

|P0'"|0HJ     +     (P'"|cij     =     3(HC1)     + 

FhoBphoroos  add.  Terchloride  of  Hydn)chloric  Pbosphoroiu 

phuspborns.  acid.  anbydride. 

Fhosphorio  Anhydride  (PO*). — When  phosphoiiis  is  burned  in  a 
current  of  dry  air  a  white  powder  possessing  a  great  affinity  for  water 
is  produced,  the  formula  of  which  is  PO*.  This  is  phosphoric  an. 
hydride. 

Phosphorio  Acid  (  PO"x  OH  1. — ^When  phosphoric  anhydride  is  dis- 


/         fOH\ 
I  PO"V  OH  I— 

\     ml 


solved  in  water  and  the  solution  is  boiled  a  double  decomposition 
takes  place,  and  if  the  excess  of  water  be  driven  off  by  evaporation 
there     remains     a     syrup-like     liquid    answering    to    the    formula 

which  is  phosphoric  acid. 

This  acid  is  triatomio  and  tribasic :  on  reacting  with  bases  it  can 
form  two  series  of  acid  salts  and  one  series  of  neutral  salts. 

When  acid  phosphates  of  the  form  |P0"70R  L  such  as  the  sodic 

\       lOR/ 

phosphate  of  commerce,  are  strongly  calcined,  a  molecule  of  water  is 
eliminated  and  a  salt  of  a  condensed  acid  is  produced,  the  biphosphoric 

or  pyrophosphoric  acid : 

(PQ///jONa' 
lo^"" 
P0-R^> 
^O^a 

Add  pho«pli*tc  of  Waier.  Pyropboiphate* 

sodium.  of  sodium. 
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from  this  salt  pyrophosplioric  acid  may  be  procured 


For 


Oil}  I 


this  purpose  it  is  sufficient  to  precipitate  it  by  acetate  of  lead,  and  to 
decompose  by  sulphuretted  hydrogen  the  precipitate  of  pyrophosphate 
of  lead,  after  having  previously  well  washed  it. 

Several  chemists  opposed  to  the  atomic  theory  objected  t.o  write 
pyrophosphoric  acid  (P'H^O'^.  They  wished  to  write  it  PH'C,  making 
0  =  8.  M.  Mentschoukine  has  demonstrated  that  the  formula  (PH*0') 
alone  is  correct.  This  chemist,  by  causing  the  chloride  of  acetyl  to  act 
on    phosphorous    acid,    has     obtained     the     monacetic     derivative 

PO'"  OH 

I O  I  of  the  unknown  pyrophosphorous  acid,  the  formula  of 


PO 


I  OC«Il»Oi 


which  would  be 


ing  equation : 


it  forms  in  accordance  with  the  follow- 


(■ 


2 1  PO"'l  OH 

ion 

Pboq)borotis  add. 


) 


+ 


CbIori<le  of 
acetyl. 


PO"']OH 

'h 


\ 


+ 


loroQs 


(S}») 


Water. 


-f 


(5 }) 


Hydrochloric 
acid. 


n 


PO'" 
acid 

Ipo"' 


;  that  is  to  say,  into  pyrophosphoric  acid  in  which 


Aceio-pyr^bosphc 

This  aceto-pyrophosphorous  acid  submitted  to  oxidation   fixes  a 
molecule  of  oxygen,  and  is  transformed   into   aceto-pyrophosphoric 

OH  \ 

OH  ^ 
0 

OH  I 

oc«fl»oy 

one  atom  of  hydrogen  is  replaced  by  acetyl  (C'H'O).  This  acid  forms 
well-defined  salts.  The  hydrogen  of  pyrophosphoric  acid  is  replace- 
able by  fourths,  which  indicates  that  this  acid  contains  at  least  four 
utoms.  Its  formula  expressed  with  the  old  proportional  numbers 
would  therefore  not  be  (PH^O^),  but  (P"fl»0"),  which  by  atomic  nota- 
tion becomes  (P*HK)'). 

Phosphoric  anhydride  dissolved  in  cold  water  produces,  not  phos- 
phoric acid,  but  a  first  anhydride  of  this  body  acting  as  an  acid  and 
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answering  to  the  formula  ^PO'"|q^^  or  (^^^'^|o\  This  com- 
pound is  known  under  the  name  of  metaphosphoric  acid  and  only  gives 
monometallic  salts.  It  is  phosphoric  acid  deprived  of  a  molecule  of 
water.  Polymers  of  metaphosphoric  acid  also  exist  which  are  called 
bimetaphosphoric,  trimetaphosphoric,  tetrametaphosphoric,  pentameta- 
phosphoric,  and  hexametaphosphoric  acids.  These  bodies  appear  to  be 
the  first  anhydrides  of  condensed  acids  higher  than  pyrophosphoric  acid, 
and  as  yet  unknown.     The  following  table  shows  these  proportions  : — 

fOH 

H'O 


PO"XOH 
OH 

Phofipboric  add. 

I  OH 
PO 


itt 


PO 


nt 


OH 

O" 

OH 

I  OH 

^rophospboric 
add  (dJphospboric) 

PO'"jOH^ 
^^  \0ll 

0" 
V0"'\  OH 

0" 

^^    ^OHJ 

Triphosphoric  acid, 
(unkuoviai). 

|0H1 
P0"'1  OH 


P0'"10H 

O' 
PO"'^  OH 


> 


0" 

'JOB 

O" 

r'{  OB 

0" 
PO'"^OH 
^OH 

Tetra^oBpboiic  acid 
(nnlmowiL) 

,0H 
PO'"<OH 

0" 
PO"'{OH 

0" 
PO'"<OH 


"ioB 
O" 


PO"' 
PO'" 


OH 
0" 
OH 
OH  J 

rcntaphoqihoric  acid 
(unknowB). 


Water. 


H*0 


Water. 


IPO 


Water. 


IPO 


WaU-r. 


H*0 


Water. 


Hetaphoq>horic 
add. 


ro"'{^"  . 

PO-'jgH  . 


I)imet«pboq;»horic 
add. 


PO'" 
PO"' 


0" 
$0" 
OH 


10" 
^OTT 

^^    jOH 

Trimstaphosphuric 
add. 


PO'" 

1 


{0"\ 
fO" 

•0"'{0H 

PO"'{g? 
PO"'{gH 


Tetrametapfaoflphorlc 
add. 


PO"'{g',', 
PO"'{g? 


PO"' 
PO"' 
PO'" 


iOH 
OH 

KQII 

OH 
OH  J 


Peutametapbuipboiic 
add. 
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rO'"]OH 
10" 


PO 
PO 
PO 


PO^'^OH 

0"    >       - 

OH 

O" 

OH 

0" 

OH 

OH  J 

Hexaphosphorfc  add 
(unknowD.) 


H«0 


PO 


PO 
PO 
PO 
PO 
PO 


/;/ 


ttf 


ffi 


SO" 
]0" 
I  OH 
0" 
OH 
O" 
OH 
0" 
I  OH 
O" 
]0H 
^OHJ 


Water. 


Hcxametaphoepboric 
acid. 


Phosphoric,  pyrophosphoric,  and  metaphosphoric  acids  may  be 
easily  distinguished  by  the  help  of  albumen  and  nitrate  of  silver. 
Albumen  is  not  coagulated  either  by  phosphoric  or  pyrophosphoric 
acids,  while  metaphosphoric  acid  coagulates  it.  Nitrate  of  silver  preci- 
pitates phosphoric  acid  yellow,  and  the  meta-  and  pyrophosphoric 
acids  white. 

Their  characteristics  are  shown  in  the  following  table : — 


Metaphospliorio  acid  .   . 

Ck>Bgii]ates  albTunen    .   . 

Gives  a  white  precipitate 
with  nitrate  of  silver. 

Pyrophosphoric  acid  .   . 

Does  not  coagulate  albu- 
men. 

Gives  a  white  precipitate 
with  nitrate  of  silver. 

Phosphoric  acid  .... 

Does  not  coagulate  albu- 
men. 

Gives  a  yellow  precipi- 
tate with  nitrate  of 
silver. 

Theory  of  the  Acids  of  Fhosphoras. — The  three  simple  acids  of 
phosphorus  all  contain  three  atoms  of  hydrogen.  But  of  these  only 
one  is  replaceable  by  a  metal  in  hypophosphorous  acid,  two  in  phospho- 
rous acid,  while  all  three  can  be  so  replaced  in  phosphoric  acid. 

To  explain  this  fact  we  have  merely  to  admit  that  in  all  these  acids 
two  of  the  five  units  of  affinity  of  phosphorus  are  saturated  by  oxygen 
and  that  the  three  others  are  saturated  : 

1st.  In  hypophosphorous  acid,  two  by  hydrogen  and  one  by  hydroxyl. 

2nd.  In  phosphorous  acid,  two  by  hydroxyl  and  one  only  by  hydro- 
gen. 

3rd.  In  phosphoric  acid,  all  three  by  hydroxyl.  The  hydrogen 
united  to  the  phosphorus  by  means  of  the  oxygen  would  alone  be  re- 
placeable by  metals.  The  following  figures  show  this  constitution 
of  the  acids  of  phosphorus  : — 

O    JL,    O 
aiZD  ®  ®  GZZD     =      (PH'O*)  (hypophosphorous  acid). 


our 


3D© 
H 


ARSENIC.  1 7 

o  nff-o 

QHpc!)  '|<^lJ)  =     (PHV)  (phosphorous  acid). 
P  H 

o  q,  ,|o  o 

(TZp^  ^CTZT)     =     (PH»0*)  (phosphoric  acid). 
P  H 

This  theory  of  the  acids  of  phosphorus  was  first  propounded  by 
M.  Liebeu. 


Combinations  of  Phosphorus  with  Sulphur. 

The  compounds  (FS),  (P*S),  (P'S»),  (PS*),  and  (PS«),  exist ;  the 
first  four  correspond  in  composition  to  oxide  of  phosphorus,  hypophos- 
phorous,  phosphorous,  and  phosphoric  anhydrides.  The  fifth  has  no 
corresponding  oxygenized  compound. 

ITiese  different  bodies  are  prepared  with  difficulty  from  ordinary 
phosphorus,  but  may  be  easily  procured  from  amorphous  phosphorus. 

The  two  first  assume  two  particular  allotropic  states;  they  may 
present  themselves  either  as  liquids,  volatile  withoyt  decomposition, 
spontaneously  inflammable,  solidifiable  at  a  low  temperature,  and  de- 
composable by  water ;  or  as  solid  red  bodies  not  affected  by  water, 
and  not  spontaneously  inflammable. 

Probably  the  liquid  modification  of  these  bodies  contains  the  phos- 
phorus in  a  crystallizable  state,  while  the  solid  modification  contains  it 
in  an  amorphous  condition. 


Aft' 
ABSBNIC  ^^. 


Atomic  weight  =  75.    Molecular  weight  =  300. 

Arsenic  is  generally  prepared  by  heating  an  arsenio-sulphide  of  iron 
(mispickel)  with  iron  ore ;  the  arsenic  volatilizes  and  the  sulphur 
remains  in  the  state  of  sulphide  of  iron. 

Very  puro  arsenic  may  also  be  obtained  by  passing  vapours  of  arsenious 
anhydride  over  red-hot  carbon,  or  by  heating  a  mixture  of  lime  and 
srdphide  of  arsenic. 

Arsenic  is  solid  at  the  ordinary  temperature.  Under  the  influence 
of  heat  it  volatilizes  without  melting,  unless  the  operation  be  conducted 
under  pressure.  The  density  of  solid  arsenic  is  6  •  75  and  its  vapour 
density  10*39. 

Arsenic  is  insoluble  in  water  and  crystallizable  in  rhombohedra  by 
means  of  sublimation.    It  is  very  brilliant,  and  air  soon  tarnishes  it. 
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but  steeping  it  in'  a  solution  of  an  alkaline  hypochlorite  restores  its 
lustre  by  dissolving  the  slight  layer  of  oxide  which  covered  the  surface. 

Arsenic  may  be  pulverized  with  the  greatest  ease.  It  is  inodorous 
and  tasteless.  When  thrown  on  hot  charcoal  it  emits  an  alliaceous 
odour  which  does  not  pertain  either  to  the  vapours  of  arsenic  or  to 
those  of  arsenious  anhydride,  and  which  appears  to  show  itself  at  the 
instant  oxidation  takes  place. 

Arsenic  combines  with  oxygen  at  a  very  slightly  elevated  tempem- 
ture,  and  it  then  bums  with  a  pale-blue  flame,  producing  arsenious  an- 
hydride (the  white  arsenic  of  commerce).  It  ignites  spontaneously  in 
an  atmosphere  of  chlorine,  forming  chloride  of  arsenic. 

Arsenicum  is  not  poisonous  of  itself,  but  it  becomes  so  under  any 
influence  that  may  cause  its  oxidation.     Itfl  oxides  are  very  poisonous. 


Combinations  of  Arsenicum  with  Monatomic  Metalloids. 

Two  arsenides  of  hydrogen  are  known :  gaseous  arseniuretted 
hydrogen  (AsH*),  and  the  solid  arsenide  (As^H*),  the  latter  analc^ous 
to  solid  phosphide  of  hydrogen. 

Arseniuretted  Hydrogen  (AsH'). — This  body  mixed  with  hydrogen 
is  produced  when  nascent  hydrogen  is  made  to  act  on  the  oxy-acids  of 
arsenic.  It  is  prepared  in  a  pure  state  by  treating  the  arsenide  of  tin 
by  hydrochloric  acid : 

(As'Sn-)     +     6(HJ)     =     3(S»}j     +     2  (a«H') 

Arsenide  Hydrochloric  Chloride  of  Arseniuretted 

of  tin.  acid.  tin.  hydrogen. 

It  is  a  colourless  gas  with  a  nauseous  fetid  odour,  of  a  density  of 
2-695;  it  liquefies  at  about  —  30°  under  the  ordinary  pressure  of  the 

atmosphere. 

Heat  decomposes  arseniuretted  hydrogen  into  arsenic  and  hydrogen, 
and  electricity  causes  it  to  undergo  a  similar  decompohition. 

Arseniuretted  hydrc  gen  burns  in  air,  forming  water  and  arsenious 
anhydride  ;  but  if  the  oxygen  be  insufiicient,  as  always  occurs  in  the 
middle  of  the  flame,  water  and  arsenic  are  produced ;  therefore  when 
the  flame  of  the  gas  is  cut  by  a  cold  body,  a  deposit  of  arsenicum  is 
obtained. 

Arseniuretted  hydrogen,  on  contact  with  a  solution  of  nitrate  of 
silver,  gives  metallic  silver,  arsenic  and  nitric  acids. 


.rseniaretied 
hydrogen. 

Nitrate  of 
silver. 

Water. 

Nitric  a<  id. 

Arsenic  add. 

Silver. 
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Arseniuretted  hydrogen  is  analyzed  in  the  same  manner  as  phosphn- 
retted  hydrogen. 

Solid  Arsenide  of  Hydrogen  (As^H*).  (Synoxym  :  Hydride  of  Arsenic.) 
— I'his  compound  is  formed  in  several  ways.  M.  Blondot  recently  dis- 
covered that  it  is  formed  every  time  that  nascent  hydrogen  acte  on  the 
acids  of  arsenic  in  presence  of  nitric  acid ;  the  smallest  quantity  of  l his 
acid  is  sufiBcient  to  prevent  the  production  of  gaseous  arseniuretted 
hydrogen  and  to  determine  that  of  the  solid  arsenide  ;  nevertheless  if 
organic  substances  he  added  to  the  mixture,  the  production  of  gaseous 
arseniuretted  hydrogen  alone  takes  place  as  in  the  absence  of  the 
nitric  acid. 


Combinations  of  Arsenic  with  Chlorine,  Bromine,  and  Iodine. 

Chlorine,  bromine,  and  iodine,  combine  directly  with  arsenic — the 
two  first  with  production  of  light— and  chloride,  bromide,  or  iodide  of 
arsenic  is  formed,  llie  chloride  of  arsenic  is  liquid ;  it  boils  at  132'^ 
and  freezes  at  —  29° ;  its  foimula  is  (AsCP). 

The  bromide  is  solid  at  the  ordinary  temperature ;  it  melts  at  20°  and 
distiLs  at  220° ;  its  formula  is  (AsBr*).  The  iodide  is  also  solid,  fusible 
and  volatile,  and  answers  to  the  formula  (AsP);  it  is  red,  while  the 
chlonde  and  the  bromide  are  colourless  in  the  liquid  and  white  in  the 
solid  state.  These  three  bodies  are  decomposed  by  water  into  arsenious 
anhydride  and  hydrochloiio,  hydrobromic,  or  hydriodio  acid. 

2(AsBr')     +     3(«)0)     =     6(H))     +     (as-O') 

Bromide  of  Water.  Hydrobrumic  Arsenious 

arsenic.  acid.  anhydride. 


Compounds  of  Arsenic  with  Oxygen. 

Arsenic  forms  two  compounds  with  oxygen :  the  arsenious  anhy- 
dride (A8*0*)  and  the  arsenic  anhydride  (As*0*). 

Arsenious  Anhydride  (  ^q,„  \  0  j.— This  body  may  be  prepared  by 

burning  arsenic  in  air,  but  it  is  generally  obtained  secondarily  by 
roasting  certain  metallic  arsenides. 

Arsenious  anhydride  is  dimorphous ;  sometimes  it  oiystallizes  in 
regular  octahedra,  sometimes  in  prisms  with  a  rhombic  base.  W  hen 
recently  sublimed  it  assumes  ihe  aspect  of  a  vitreous  mass,  but  this 
left  to  itself  becomes  opaque,  and  this  transformation  proceeds  from 
the  surface  to  the  centre. 

Opaque  arsenious  anhydiidehas  a  density  of  3-699,  while  the  density 

of  the  vitreous  anhydride  is  3-738. 
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Arsenions  anhydride  is  three  times  more  soluLle  in  water  in  the 
vitreous  than  in  the  opaque  condition.  At  a  low  temperature  water 
causes  it  to  assume  the  opaque  state,  and  the  same  effect  is  pro- 
duced by  trituration.  Prolonged  boiling,  on  the  contrary,  transforms 
the  opaque  into  vitreous  anhydride. 

Arsenious  anhydride  is  much  more  soluble  in  water  acidulated  with 
hydrochloric  acid  than  in  pure  water.  If  such  a  solution  be  made, 
saturated  while  hot  with  vitreous  anhydride  and  afterwards  cooled, 
this  body  is  deposited  in  an  opaque  state,  and  the  formation  of  each 
ciystal  is  accompanied  by  the  emission  of  light. 

Arsenious  anhydride  does  not  produce  a  corresponding  acid  by 
reacting  with  water;  it  reacts,  on  the  contrary,  with  bases  foiming 
salts  known  as  arsenites. 

Arsenious  anhydride  is  a  virulent  poison,  but  is  nevertheless 
employed  in  medicine.  It  is  a  powerful  febrifuge  in  intermittent 
fevers,  which  it  will  sometimes  arrest  when  they  have  resisted  the 
sulphate  of  quinine.  Its  composition  has  been  determined  by  ascer- 
taining the  increase  which  a  given  weight  of  arsenic  experiences  when 
burnt  in  excess  of  oxygen. 

The  vapour  density  of  arsenious  anhydride  is  13*85.  It  really  coitc- 
spends  to  the  formula  (As*0®),  and  not  to  the  formula  (As*0*),  which 
we  have  retained  in  order  better  to  show  the  analogies  of  arsenic  with 
nitrogen  and  phosphoiois. 

/AsO'" )     \ 
Arsenic  Anhydride   (  *  q,„  \  0*  j. — Arsenic  anhydride  is  obtained 

by  transmitting  a  current  of  chlorine  into  an  aqueous  solution  of 
arsenious  anhydride,  evaporating  the  solution  to  dryness,  and  heating 
the  residue  to  a  dull-red  heat  Instead  of  the  action  of  chlorine,  that 
of  aqua  regia  or  boiling  nitric  acid  may  be  substituted.  Heated  to 
bright  redness,  this  compound  divides  into  oxygen  and  arsenious 
anhydride,  but  a  portion  escapes  decomposition  and  becomes  vo- 
latilized. 

K,  instead  of  evaporating  the  above  solution  to  dryness,  it  be  only 
concentrated  to  the  consistence  of  a  syrup,  and  allowed  to  stand  at  a 


temperature  below  15°,  crystals  of  arsenic  acid  ( AsC'W  OH  1  +  aq 


id  L 


are   obtained.      These  crystals  lose    their    water   of   crystallization 
at  100°. 

If  the  temperature  be  raised  to  180°  it  becomes  transformed  into  a 
new  acid,  which  by  its  composition  appears  to  be  analogous  to  pyro- 

0H\ 
OH 
O 
OH 


(AsO"' 
AsO'"  <  wn  I 
^OH/ 
A  saturated  solution  of  this  acid    kept  at  205°  or  206°   deposits 
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crystals  answering  to  the  formula  f  AsO'"  <  oH/'  ^'  ^  ^  mtdtiple  of 

this  formula.     It  is  meta-arsenio  acid. 

M.  Maumen^  has  recently  questioned  the  analogies  of  the  different 
acids  of  which  we  have  just  spoken  with  phosphoric,  metaphosphoric, 
and  pyrophosphoric  acids.  This  chemist  states  that  he  has  tried  unsuc- 
cessfolly  to  prepare  meta-  and  pyroarseniates.  If  his  experiments  are 
to  be  relied  on,  the  preceding  bodies  must  therefore  be  regarded  as 
the  arsenic  anhydride  containing  water  of  crystallization,  and  their 
formulae  must  be  (As*(y,3aq) ;  ( As»0»,2aq) ;  (As*(y,aq). 

Nevertheless,  the  first  formulsB  appear  the  more  probable,  and  I  think 
that  M.  Maumen^'s  experiments  should  be  repeated. 

Combinations  of  Absenio  with  Sulphur. 

Five  sulphides  of  arsenic  are  known ;  they  are  represented  by  the 
formulas : 

(Afl«S)  -  (As»S«)  -  (As«S')  -  (As'SO  -  (Ab'S"). 


AXTFIMOinr 


sv 

Atomic  weight  =  122.    Molecular  weight  =  488. 

Antimony  exists  in  nature  in  the  state  of  sulphide.  When  the 
mineral  has  been  melted  and  freed  from  its  earthy  impurities,  it 
is  called  crude  antimony.  This  body  is  roasted  (that  is  to  say, 
calcined  in  air)  in  order  to  partially  transform  it  into  an  oxide,  accord- 
ing to  the  equation : 

2(Sb«S»)     +     9(0})     =     ^(S^*)     +     2(Sb*0») 

Sulphide  of  Oxygen.  Sulphurous  Oxide  of 

aatimooy.  anhydride.  antimony. 

The  roasted  mineral  is  then  heated  with  charcoal  moistened  with  a 
very  concentrated  solution  of  carbonate  of  sodium.  This  salt  transforms 
the  remaining  sulphide  of  antimony  into  oxide,  and  the  carbon  reduces 
the  oxide  to  the  state  of  free  antimony : 

iBt.  (sb'S*)  +  3(g2'}0')  =  3(C0«)  +  8(55*}s)  +  (SIW) 

Sulphide  of  Garhonate  Carbonic  Sulphide  of  Oxide  of 

•nttmony.  of  sodium.  anhydride.  sodium.  antimony. 

2nd.  2(Sb'0')     +     60     =     6(C0)     +    (^S^ 

Oxide  of  Carbon.  Oxide  of  Antimony, 

antimony.  carbon. 

To  purify  the  antimony  thus  obtained,  it  is  heated  with  an  excess  of 
nitric  acid,  which  transforms  the  antimony  into  an  insoluble  oxide 

n 
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(Sb*0*),  while  the  substances  that  were  mixed  with  the  metalloid  pass 
to  the  state  of  soluble  compounds.  The  oxide  is  well  washed,  dried,  and 
finally  reduced  by  charcoal. 

Antimony  is  silver  white ;  it  possesses  a  metallic  lustre  and  is  biittle, 
80  that  it  can  be  pulverized  veiy  easily. 

The  density  of  antimony  is  6*702 ;  it  crystallizes  in  a  form  much 
resembling  that  of  rhombohedra ;  it  melts  at  430°,  and  volatilizes  at 
red  heat.  Exposed  to  the  air  at  an  ordinary  temperature,  it  does  not 
alter,  but  at  red  heat  it  bums,  being  transformed  into  oxide ;  when 
pulverized,  it  inflames  spontaneously  in  an  atmosphere  of  chlorine. 

Antimony  is  dissolved  with  very  great  difficulty  by  hydrochloric  acid, 
which  property  enables  it  to  be  separated  from  tin.  Sulphuric  acid, 
concentrated  and  boiling,  dissolves  it  with  disengagement  of  sulphurous 
anhydride  and  formation  of  sulphate  of  antimony.  Kitric  acid  trans- 
forms it  into  an  intermediate  oxide.  Aqua  regia  dissolves  it,  causing 
it  to  pass  either  to  the  state  of  protochloride  or  to  that  of  perchloride, 
according  to  the  preponderance  of  the  antimony  or  of  the  aqua  regia. 

Like  tin  and  zirconium,  antimony  forms  an  oxide  which  acts  as  a 
basic  anhydride  and  reacts  with  acids,  forming  salts. 

Combination  op  Antimony  with  Hydrogen'. 

Antimoniuretted  hydrogen  has  never  been  obtained  in  a  pure  stato ; 
it  is  always  produced  when  nascent  hydrogen  is  made  to  acton  a  soluble 
compound  of  antimony.  It  is  decomposed  by  heat  into  antimony  and 
hydrogen  :  in  a  word,  its  properties  resemble  those  of  arseniuretted 
hydrc^en.  Considering  the  numerous  analogies  which  arsenic  and 
antimony  present  in  most  of  their  compounds,  it  can  scarcely  be 
doubted  that  antimoniuretted  hydrogen  ought  to  be  represented  by  the 
formula  (SbH»). 

Combinations  of  Antimony  with  Chlorine,  Bromine,  and  Iodine. 

On  causing  dry  chlorine  to  act  on  a  great  excess  of  antimony  placed 
in  a  glass  retort  and  gently  heated,  a  terchloride  is  obtained  of  a  butter- 
like consistence  (SbCl*).  This  chloride  is  decomposed  by  water, 
forming  hydrochloric  acid  and  an  insoluble  oxychloiide  (SbClO)  known 
under  the  name  ofpotoder  ofAlgaroth,  After  long-continued  washings, 
this 'latter  body  is  transformed  into  a  hydmte  (SbO,OH),  which  heat 
converts  into  an  oxide  (Sb'O*)  with  elimination  of  water.  The  ter- 
chloride of  antimony  is  a  caustic,  used  in  medicine  under  the  name  of 
butter  of  antimony.* 

In  presence  of  an  excess  of  chlorine,  antimony  forms  a  perchloride 
(SbCP),  which  water  decomposes  into  hydrochloric  and  antimonic  acids 
(SbH'O*),  and  which  gives  a  chlorosulphide  (SbOPS)  when  acted  on  by 
sulphuretted  hydrogen. 

*  The  terchloride,  being  the  first  chloride  of  antimony,  is  also  called  protochloride. 
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Bromine  and  iodine  combine  similarly  with  antimony ;  its  combina- 
tions with  these  bodies  which  correspond  to  the  protochloride,  are  the 
only  ones  that  ha^e  hilherto  been  examined. 


Combinations  op  Antimony  with  Oxygen. 

Three  compounds  of  antimony  with  oxygen  are  known ;  they  are, 
the  protoxide  or  teroxide  (Sb*0*),  the  intermediate  oxide  (Sb*0*),  and 
the  aDtimonic  anhydride  (Sb*0*),  to  which  the  antimonic  and  meta- 
antimonic  acids  correspond. 

Protoxide  of  Antimony  (Sb'O'). — This  body  is  prepared  either  by 
oxidizing  antimony  in  air,  or  by  precipitating  the  protochloride  of  this 
metalloid  by  a  base,  washing  and  drying  the  precipitate : 

2(sbCl')  +  6(|f  O)  =   6(Jj|)  +  (sVCyJ  +  8(h'0) 

Protochlorido  Hydrate  of  Chloride  Protoxide  Water, 

of  antimony.  potassium.  ofpotaasinm.       of  antimony. 

Before  being  dried,  the  formula  of  the  precipitate  is  (SbHO*).  The 
precipitated  oxide  dissolves  in  alkaline  bases  unless  the  precipitation 
has  been  caused  by  ammonia.  The  oxide  prepared  by  direct  oxidation 
may  crystallize  in  prisms  or  in  regular  octahedra;  it  is  therefore 
dimorphous,  like  arsenious  anhydride,  to  which  its  composition  cor- 
responds. 

The  protoxide  of  antimony  is  a  basic  auhydride.  It  dissolves  in 
acids,  forming  salts,  in  which  the  hydrogen  of  the  acids  is  replaced  by 
the  group  (SbO),  acting  either  as  monovalent  or  as  trivalent.  Salts  of 
antimony  are  generally  decomposed  by  water,  forming  a  sub-salt  which 
precipitates,  and  a  strongly  acid  salt  which  remains  in  solution. 
In  these  solutious  hydrosulphuric  acid  causes  an  orange  precipitate, 
which  is  soluble  in  the  hydrosulphate  of  ammonium  and  in  boiling 
hydrochloric  acid.  A  sheet  of  tin  or  zinc  introduced  causes  a  deposit 
of  free  antimony,  which  is  but  slightly  acted  on  by  boiling  hydrochloric 
acid. 

It  is  a  remarkable  fact  that  no  oxygenized  salt  of  antimony  answer- 

■Ds  [0*j  is  known;  all  are  derived  from  the 

hydrate  (     tt>0)  by  the  substitution  of  an  acid  radicle  for  the 

hydrogen  it  contains,  or  they  are  acid  salts  which  contain  the  mono- 
valent residue  (SbO)  of  this  hydrate. 

(SbO'"  1      \ 
SbO"'  [^)-"~'^^^8  ^^y  ^^  obtained  by  dis- 
solving antimony  in  aqua  regia,  evaporating  to  dryness,  and  calcining 
the  residue  at  a  dull  red  heat. 

When  antimony  is  treated  by  nitric  acid  with  a  little  hydrochloric 

n2 
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acid,  and  the  white    insoluble  powder  which  is    produced   is  not 
calcined,  this  has  for  formula  f  SbO"'<  qu)*    It  is  an  acid  analogous 

to  metaphosphoric  acid,  and  represents  the  first  anhydride  of  an 

/  fOH\ 

unknown  acid,  the  formula  of  which  would  be  I  SbO'"  <  OH  I 

\        [oaj 

The  acid  f  SbO"']  q^)  ^  called  antimonio  acid.  In  presence  of 
bases  it  exchanges  H  for  a  metal,  and  forms  salts  whose  general  for- 
mula is  (sbO"'  j  2^  A 

On  decomposing  the  perchloride  of  antimony  by  water,  another  acid 
is  obtained  which  is  analogous  to  pyrophosphoric  acid ;  it  is  the  meta- 

/  ,0H^ 

antimonio  acid. of  M.  Fremy;  its  formula  is 


\ 


SbO'"  i  OH 
O" 
SbO'"  \  OH 
^OH/ 


it  can 


exchange  4  atoms  of  hydrogen  for  4  atoms  of  metal ;  but  on  contact 
with  water  its  neutral  salts  always  decompose  into  free  base  and  an 

/  r  0M'\ 

SbO'"  \  OH 


acid  salty  answering  to  the  formula 


\ 


0" 

SbO'"^OH 
lOMV 


The  potassic  salt  which  corresponds  to  this  formula  possesses  the 
property  of  precipitating  the  salts  of  soda  in  the  state  of  insoluble 
bimet-antimoniate. 

When  antimony  is  treated  by  nitrate  of  potassium  at  a  high  tempe- 
rature, the  antimoniate  of  potassium  ( SbO'"  <  q^j  is  produced,  which 
dissolves  after  some  time  in  boiling  water,   and  there  remains  an 


insoluble  powder,  whose  formiila  is 


SbO 


•I 


OK 
O" 
SbO"'  iOK 

SbO"'{g:/ 
/Sb0"'{^ 


=    ((SbO"'yEHy). 


SbO 


ttt 


0"\ 
0"  \ 
OH 

rO" 


This  salt  appears  to  oorrespond  to  an  acid 

SbO"' I  OH 

\SbO"'{g:;/ 

wMch  woold  be  the  second  anhydride  of  an  unknown  acid 


=  ((SbO'")*H'0'), 
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^SbO"'jgg\ 
SbO* 
SbO"' 


,n  I  0" 

lOH 

JO" 

^OH 


\ 


SbO 


tff 


fO" 
OH 
OH/ 


=  ((SbO'"yH»0-> 


It  16  evident  that  there  are  the  olosest  analogies  between  the  antimonio 
and  the  phosphorio  acids. 

Intermediate  Oxide  of  Antimony  (Sb^^). — This  body  is  obtained 
in  the  form  of  an  insoluble  white  powder  by  roasting  the  sulphide  of 
antimony  until  it  ceases  to  absorb  oxygen.     This  compound  may  be 

considered  as  the  antimoniate  of  antimonyl  f  SbO'"]  a\^n  )• 


COMBUTATIONS  OF  AnTIMONY  WITH   SULPHUB. 

Two  sulphides  of  antimony  are  known,  the  tersulphide  (Sb'S'j,  and 
the  pentasulphide  (Sb'S*).  They  are  obtained  by  transmitting  a 
current  of  sulphuretted  hydrogen  into  the  solution  of  the  correspond- 
ing chlorides  (SbOP)  and  (SbCl*). 

The  tersulphide  is  also  obtained  by  heating  the  requisite  propor- 
tions of  antimony  and  sulphur.  Hydrogen  reduces  it  under  the  in- 
fluence of  heat,  forming  hydrosulphuric  acid  and  liberating  antimony. 

The  pentasulphide  gives  up  sulphur  to  sulphide  of  carbon,  and  may, 
therefore,  be  only  a  simple  mixture.  True  sulpho-salts  correspond  to 
the  two  sulphides  of  antimony ;  and  these  sulphides  are  dissolved 
in  the  solution  of  alkaline  sulphides,  and  may  be  regarded  as  acid 
anhydro-sulphides. 

lliere  exists  a  compound  of  sulphide  and  protoxide  of  antimony 
which  has  a  certain  degree  of  importance,  because  it  is  much  used  in 
medicine  as  an  expectorant  and  sudorific,  or  as  a  sedative  in  parenchy- 
matous inflammations.     It  is  kermes  mineral. 

To  prepare  kermes,  carbonate  of  sodium  is  made  to  react  on  sulphide 
of  antimony,  either  by  heating  a  mixture  of  these  bodies  to  redness,  or 
by  boiling  sulphide  of  antimony  in  a  solution  of  carbonate  of  sodium. 
Even  when  the  operation  is  conducted  by  the  first  method  it  is  after- 
wards completed  by  boiling  in  water,  which  theoretically  reduces 
these  two  processes  to  one.  When  the  boiling  has  lasted  long  enough, 
the  liquid  is  filtered  while  hot,  and  the  kermes  is  deposited  on 
cooling. 

The  following  is  the  theory  of  this  operation  :  by  the  reaction  of  one 
part  of  carbonate  of  sodium  on  one  part  of  sulphide  of  antimony,  oxide 
of  antimony  and  sulphide  of  sodium  are  formed : 
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(sb'S-)  +  3(g2'|0')  =   3(C0')  +  3(|»)S)  +  (SIW) 

Sulphide  of  Oarbonateof  Carbonic  Sulphide  of  Oxide  of 

antimony.  sodium.  anhydride.  sodium.  antimony. 

The  oxide  of  antimony  remains  dissolved  by  means  of  the  carbonate 
of  sodium  not  decomposed,  and  the  unaltered  sulphide  of  antimony  is 
held  in  solution  by  means  of  the  sulphide  of  sodium.  But  as  oxide 
and  sulphide  of  antimony  dissolve  in  their  respective  solvents  more 
readily  when  hot  than  when  cold,  both  are  deposited  by  the  cooling  of 
the  liquid,  and  constitute  kermes. 

The  cooled  liquid  still  contains  oxide  and  sulphide  of  antimony  in 
solution.  If  it  be  treated  by  hydrochloric  acid,  the  latter  will 
decompose  the  carbonate  and  sulphide  of  sodium,  and  precipi- 
tate an  additional  quantity  of  the  oxide  and  sulphide  of  antimony. 
The  oxide  reacts  on  the  hydrosulphurio  acid  arising  from  the  decom- 
position of  sulphide  of  sodium  and  becomes  wholly  transformed  into 
sulphide;  so  that  in  this  second  operation  only  hydrated  sulphide 
of  antimony  is  obtained.  This  sulphide  even  contains  a  little  poly- 
sulphide,  which  arises  from  the  liberation  of  a  small  quantity  of 
sulphur  by  the  hydrochloric  acid  at  the  expense  of  the  sodic  poly- 
sulphides  formed  by  the  action  of  air  on  the  monosulphide  of  sodium  : 

3(Na«S)     +     0}     =     2(Na'0)     +     (Na*S') 

Sulphide  of  Oxygen.  Oxide  of  Trlaulphtde 

sodium.  sodium.  of  sodium. 

The  mixture  of  trisulphide  and  hydrated  pentasulphide  is  known 
as  the  golden  sulphide  of  antimony. 

On  roasting  crude  sulphide  of  antimony,  oxysulphides  are  obtained, 
known  as  glass  of  antimony,  liver  of  antimony,  crocus  metallorum,  etc. 


BISMITTH  ^J 


:} 


Aiomio  weight  =  910.    Probable  molecular  wei^t  =  840. 

Bismuth  exists  in  the  native  state ;  its  extraction  consists  in  simple 
fusion  to  free  it  from  earthy  impurities.  In  order  to  render  it  entirely 
pure,  it  is  dissolved  in  nitric  acid,  and  a  large  quantity  of  water  is 
added  to  the  solution :  the  bismuth  is  precipitated  in  the  state  of  sub- 
nitrate,  while  all  the  metals  with  which  it  was  combined  remain  in 
solution.  The  precipitate  is  washed,  dried,  and  calcined  in  a  crucible 
with  charcoal.  On  cooling,  veiy  pure  bismuth  collects  at  the  bottom 
of  the  crucible. 

Bismuth  has  a  reddish-white  colour ;  it  is  hard  and  so  brittle  that  it 
can  be  pulverized  very  easily.  It  melts  at  267°,  and  by  means  of 
fusion  crystallizes  in  large  pyramids  formed  by  superposed  cubic 
crystals.     These  crystals  are  generally  covered  with  a  slight  layer  of 
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oxide,  and  present  the  appearance  of  coloured  rings.  At  a  very  high 
temperature  bismuth  volatilizes.  Its  density  is  9*9  It  does  not 
oxidize  in  dry  air ;  if  the  air  be  moist,  it  tarnishes  a  little,  and  under 
the  simultaneous  influence  of  air  and  heat  it  rapidly  becomes 
oxidized. 

Chlorine  easily  combines  with  bismuth.  Dilute  hydrochloric  and 
hydrosulphuric  acids  do  not  act  on  it :  hot  concentrated  sulphuric 
acid  dissolves  it,  disengaging  sulphurous  anhydride. 

Cold  nitric  acid  dissolves  bismuth,  forming  trisnitrate. 

All  soluble  salts,  in  which  bismuth  acts  as  the  positive  element,  are 
decomposed  by  water  with  the  formation  of  a  basic  salt  which  is  preci- 
pitated, and  the  liberation  of  a  certain  quantity  of  acid  which 
preserves  a  portion  of  neutral  salt  undecomposed. 

Salts  of  bismuth  are  neither  precipitated  by  hydrochloric  nor  by  sul- 
phuric acid.  Ammonia  causes  the  formation  of  a  white  precipitate 
insoluble  in  excess  of  ammonia.  Hydrosulphuric  acid  gives  a  black 
precipitate,  insoluble  in  sulphide  of  ammonium,  and  soluble  in  boiling 
nitric  acid. 

Chlorine  combines  with  bismuth,  forming  a  chloride  whose  formula 
is  (BiCl*),  and  which  is  soluble  in  water  acidulated  with  hydrochloric 
acid.  A  larger  quantity  of  water  decomposes  this  solution,  and  pre- 
cipitates an  oxychloride  (BiOCl),  which,  before  being  dried,  is  repre- 
sented by  the  formula  2( BiOCl) +aq.  By  calcining  the  subnitrate  of 
bismuth  prepared  as  above,  an  oxide  is  obtained  whose  formula  is 
(Bi"0*),  and  which  is  a  basic  anhydride.  The  hydrate  (BiHO*)  may 
also  be  obtained  by  precipitating  a  soluble  salt  of  bismuth  by  potash. 
This  hydrate  is  the  first  anhydride  of  the  unknown  hydrate  (BiH"0*). 

On  the  preceding  hydrate  being  mixed  with  a  very  concentrated 
solution  of  potash,  and  the  mixture  submitted  to  the  action  of  a  current 
of  chlorine,  a  blood-red  substance  is  separated,  which,  treated  by 
acids,  gives  bismuthic  acid.  This  acid  is  transformed  by  the  action  of 
heat  into  bismuthic  anhydride  (Bi*0*).  It  is  not  known  to  which  of 
the  phosphoric  acids  the  normal  bismuthic  acid  corresponds.  A  rather 
strong  heat  transforms  bismuthic  anhydride  into  an  intermediate  oxide 
(Bi'O*),  which  may  be  regarded  as  a  pyrobismuthate  of  bismuthyl  if 

/Bi;/;lOBiO\ 

its  formula  be  doubled.    We  then  have  j        joBiO  |  "^  (^^"0")- 

\^^'  lOBio/ 
By  melting  bismuth  with  sulphur,  a  sulphide  (Bi'S*)  is  obtained, 
which  may  also  be  prepared  in  a  state  of  hydrate  by  transmitting  a 
current  of  hydrosulphuric  acid  into  the  solution  of  a  salt  of  bismuth. 
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TTBAHIUM 


Atomic  wel^t  =  ISO.    ProbablA  motocnlar  welgbt  a  480. 

Uranium  is  obtained  in  the  free  state  bj  decomposing  its  protoohlo- 
ride  bj  potassium  with  the  aid  of  heat  The  uranium  remains  in  the 
form  of  a  dark-grey  powder,  partly  agglomerated. 

Heated  to  white  redness  in  a  crucible  with  chloride  of  sodium, 
uranium  beoomes  yellowish  white,  hard,  and  somewhat  malleable. 
Its  density  is  then  18*4;  it  becomes  yellower  on  contact  with  air. 
Powdered  uranium  bums  in  chlorine,  and  unites  with  sulphur  at 
the  boiling  point  of  this  body,  with  the  production  of  Hght.  Acids 
dissolve  it,  disengaging  hydrogen,  and  the  solutions  are  green  when 
the  acid  does  not  act  as  an  oxidant. 

Uranium  bums  in  air  with  a  bright  incandescence. 

It  forms  several  compounds  with  oxygen ;  two  are  especially  interest- 
ing :  the  protoxide  (UO),  and  the  sesquioxide  (U*0*).  Both  really,  like 
the  sesquioxide  of  antimony,  act  as  basic  anhydrides.  The  sesquioxide 
also  acts  as  an  acid  anhydride ;  to  each  of  these  two  oxides,  therefore, 
a  series  of  salts  corresponds,  and  the  uranates  correspond  to  the  sesqui- 
oxide. 

We  will  only  here  mention  the  sesquioxide,  which  alone  has  a  theo- 
retic importance. 

Sesquioxide  of  Uranium  (U'O'). — There  is  a  mineral,  the  pitch- 
blende of  Bohemia,  which  is  chiefly  composed  of  oxidized  uranium.  If 
this  mineral  be  heated  with  nitric  acid,  a  yellow  solution  is  obtained 
containing  nitrate  of  uranium.  This  solution  evaporated  to  dryness 
leaves  a  residue,  which  is  submitted  to  the  action  of  ether  ;  this  liquid 
dissolves  the  nitrate  of  uranium,  and  leaves  the  other  substances.  The 
ether  is  evaporated  at  the  ordinary  temperature,  and  thus  the  nitrate 
of  uranium  is  obtained  pure.  On  calcining  this  salt  at  250°  it  is  trans- 
formed into  sesquioxide  of  uranium  (U*©'). 

By  evaporating  to  dryness  an  alcoholic  solution  of  uranic  nitrate, 
and  washing  with  water  the  residue  of  the  strong  reaction  which  is 
manifested  at  the  end  of  the  operation,  M.  Malaguti  has  obtained  an 

uranic  hydrate  (  -q^}  0\    This  hydrate  is  the  first  anhydride  of  the 

unknown  normal  hydrate  (-m  \  O" \ 

Uranic  salts  are  all  derived  from  this  first  anhydride  by  the  substi- 
tution of  an  acid  radicle  for  H.     Their  general  formula  is,  therefore, 

(    E I  ^  )'    ^^^®  ^^^  known  derived  from  the  normal  hydrate  (  m  [  0*  j. 

This  fact,  analogous  to  that  we  have  already  observed  in  the  case  of 
antimony,  is  not  surprising.  We  know  that  to  all  basic  or  acid  hydrates 
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oontaining  more  than  two  atoms  of  hydrogen,  anhydrides  acting  as 
either  acids  or  hases,  and  in  consequence  capable  of  forming  salts,  cor- 
respond. Now,  according  to  the  bodies,  sometimes  it  is  the  grouping  of 
the  norma]  hydrate  which  is  the  most  stable ;  in  this  case  the  principal 
salts  present  this  grouping,  and  if  some  are  obtained  that  are  derived 
from  anhydrides  they  are  instable,  and  always  have  a  tendency  to 
return  to  the  grouping  of  the  normal  hydrate.  Sometimes,  on  the 
contrary,  it  is  the  grouping  of  the  anhydride  which  has  the  greatest 
stability  :  the  salts  then  present  this  grouping,  and  if  sometimes  some 
are  obtained  derived  from  the  normal  hydrate,  they  always  have  a 
tendency  to  return  to  the  type  of  the  anhydride.  It  may  also  happen 
that  the  bodies  belonging  to  the  type  of  ihe  normal  hydrate  are  so  un- 
stable that  none  of  them  can  be  prepared. 

We  have  an  example  of  the  first  order  of  these  facts  in  phosphoric 
acid  and  its  salts,  and  of  the  second  order  in  uranic  and  antimonious 
salts. 

Formerly,  when  our  present  ideas  on  atomicity  had  not  been 
formed,  the  formation  of  salts  was  skccounted  for  in  a  totally  dif- 
ferent manner.  It  was  believed  that  they  consisted  of  two  simple 
or  compound  principles  endowed  with  opposite  electric  polarity, 
and  capable  of  being  saturated  reciprocally.  In  oxygenized  salts, 
for  instance,  the  existence  was  admitted  of  two  separate  oxygenized 
groups,  one  of  which  took  the  name  of  base,  and  the  other  that 
of  acid.     This  theory  is  known  as  the  binary  theory.      According 

(SO*"  1      \ 
TTi    }  0' )»  for  instance,  would  be 

written  (K*0),(S(>') ;  the  existence  of  two  groups  already  formed 
was  supposed  :  one  of  these  (K'O)  (basic  .anhydride)  received  the 
name  of  base,  while  the  other  (SO")  (acid  anhydride)  was  called  acid. 
Our  normal  acids  and  bases  were  combinations  of  an  acid  or  base 
with  water.  Sulphuric  acid  was  written  (SO*),(BPO),  and  potash 
(K*0),(H'0).  Often  this  could  only  be  done  by  doubling  the  formu- 
las, which  more  exact  knowledge  of  molecular  weights  has  shown  us 
to  be  more  simple,  or  by  accepting  as  egtUvalenta  numbers  half  the 
value  of  our  actual  atomic  weights.  Thus  nitric  acid  (NHO')  could 
only  be  written  as  NH^jBLK)  =  (N"H*0*),  and  then  the  formula  was 
double  the  true  one ;  or  N0^,H0,  and  then  0  was  made  =  8,  while  in 
reality  the  atomic  weight  of  oxygen  is  16.  Among  the  different 
reasons  which  caused  chemists  to  abandon  the  binary  theory,  this  is 
the  strongest.  This  theory,  in  fact,  is  in  disaccordance  either  with  our 
molecular  or  else  with  our  atomic  weights. 

When  we  have  a  basic  anhydride  containing  several  atoms  of 
oxygen,  we  now  say  that  to  this  anhydride  a  perhydrate  corresponds, 
and  often  anhydrides  containing  still  more  hydrogen ;  we  call  the  first 
hydrates,  and  the  salts  derived  hydrates  and  normal  salts,  to  distinguish 
these  bodies  from  all  those  which  present  the  grouping  of  anhy- 
drides.   Moreover,  we  know  tliat  when  the  simple  body  combined  with 
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oxygen  has  an  uneven  atomicity,  the  hydrate  is  formed  by  double  decom- 
position, and  contains  as  much  hydroxy  1  as  the  oxide  contained 
oxygen ;  while,  if  the  atomicity  be  even,  the  hydrate  is  formed  by 
addition,  and  contains  twice  as  many  atoms  of  hydroxyl  as  the  oxide 
contained  oxygen. 


(gjo)     =     ( 


Oxide  of  gold. 

(B...0)       +      (||0)       =       ( 


Water. 


Au"7  OH  I 
[OB  J 

Perbydrate  of  gold. 


Oxide  of 
bftriuzn. 


Water. 


Hydrate  of 
barium. 


Now,  as  normal  salts  arise  by  the  substitution  of  an  acid  radicle  for 
the  typical  hydrogen  of  normal  bases,  we  see  that  there  is  a  relation 
between  the  number  of  atoms  of  oxygen  which  a  basic  oxide  contains, 
and  the  number  of  acid  radicles  which  form  part  of  the  normal  neutral 
salts  derived  from  these  oxides. 

Thus,  in  the  case  of  oxides  containing  elements  of  uneven  atomicity, 
the  normal  neutral  salts  ought  to  contain  as  many  times  the  radicle  of 
a  [monatomic  acid  as  these  acids  contain  oxygen.  They  ought  to 
contain  a  double  number  in  the  case  of  basic  oxides  containing  elements 
of  even  atomicity. 


(K-O) 

Potaaaic  anhydride. 

(Ba"0) 

Barylic  anhydride. 


(KONO*) 

Potasaic  nitrate. 

y^^  toNov 

Baiytic  nitrate. 


According  to  the  binary  theory,  this  difference  between  the  constitu- 
tion of  salts  containing  elements  of  even,  and  of  those  containing 
elements  of  uneven,  atomicity  did  not  exist.  Atomicity  not  being 
understood,  the  first  was  doubled,  or  the  second  divided,  and  all 
became  alike.  Thus  the  salts  we  have  taken  as  examples  were  consi- 
dered either  as : 


or, 


(K«0) 

Oxide  of  potasslam. 

(BaO) 

Oxide  of  barium. 


(KO) 

Oxide  of  potassium. 

(BaO) 

Oxide  of  barium. 


(K«0,N»0*) 

Nitrate  of  potash. 

(BaO,NK)») 

Nitrate  of  baiyta. 


(KO,NO») 

Nitrate  of  potash. 

(BaO,NO*) 

Nitrate  of  baiyta. 
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making  in  the  second  case  0  =  8  and  Ba  =  68  *  5,'  instead  of  0  =  16  and 
Ba=137. 

As  is  seen  by  these  binary  formulse,  the  quantity  of  acid  contained 
in  a  normal  neutral  salt  was  always  equal  to  the  number  of  atoms  of 
oxygen  contained  in  the  base ;  thence  this  law  of  Richter : 

*^  In  neutral  salts  (normal  neutral)*  there  is  a  constant  relation 
between  the  acid  and  the  oxygen  of  the  base." 

Which  law  Berzelius  thus  expressed : — "  For  the  same  species  of 
neutral  salts,  there  is  a  constant  relation  between  the  oxygen  of  the 
acid  and  the  oxygen  of  the  base." 

Thus  the  nitrate  of  potash  being  (KO,NO*),  the  proportion  between 
the  oxygen  of  the  base  and  that  of  the  acid  is  1 : 5 ;  this  same  relation 
ought  to  exist  between  all  neutral  nitrates;  if  the  base  contain  O", 
the  acid  ought  to  contain  0*^ ;  that  is  to  say,  that  this  salt  ought  to 
contain  twice  N0\  If  the  base  contain  O",  the  salt  ought  to  contain 
3(N0^),  and  so  on.  Thus,  for  example,  the  neutral  nitrate  of  potash 
being  (KO,NO*),  the  neutral  pemitrate  of  iron  was  (Fe'O'jSNO*),  and 
would  have  been  (Fe*0®,6N0*),  if  to  the  sesquioxide  of  iron  an 
equivalent  equal  to  its  molecular  weight,  which  is  160,  had  been 
given,  instead  of  the  equivalent  of  80. 

The  oxides  of  antimony  and  uranium,  not  conforming  to  the  theory, 
were  regarded  as  exceptions.  These  oxides  containing  O*  ought,  ac- 
cording to  Richter's  law,  to  unite  with  three  equivalents  of  any  add  to 
form  neutral  salts,  while  in  reality  they  only  unite  to  a  single  equiva- 
lent of  acid. 

To  explain  this  anomaly,  M.  Peligot  states  that,  in  the  sesquioxide 
of  uranium  (U'O")!,  the  three  equivalents  of  oxygen  are  not  in  the 
same  state ;  two  forming  with  uranium  the  compound  radicle  (UH)*), 
and  the  other  being  combined  with  this  rGLdicle  as  it  is  with  metals  in 
the  other  oxides,  the  hydrate  of  uranium  and  its  salts  then  became 
(U*0»0,HO)  and  (U*0»0,A),  (A  being  any  acid  whatsoever).  The 
normal  proportion  thus  being  established,  this  proportion  ought  to 
exist,  not  between  the  oxygen  of  the  acid  and  the  whole  of  the  oxygen 
of  the  base,  but  between  the  oxygen  of  the  acid  and  the  fundamental 
oxygen  of  the  base ;  that  is  to  say,  the  oxygen  whose  presence  gives  its 
basic  properties  to  the  body. 

With  the  atomic  weight  of  uranium  U  =  120  and  of  oxygen  0=16, 
the  radicle  (U'O*)  becomes  (UO)  ;  we  can  therefore  use  M.  Peligot's 
theory  in  our  actual  formulas,  and  inquire  whether  (UO)  is  the  radicle 
which  exists  in  uranic  salts. 

Its  presence,  in  £5U)t,  cannot  be  doubted,  and  we  have  expressed  this 
idea  when  we  said  that  these  salts  are  derived  from  the  first  anhydride 
of  the  unknown  normal  hydrate.  The  anhydrides  are  formed  by  the 
substitution  of  O  for  (Off)  in  a  hydrate.    If  therefore  the  normal 

*  That  is,  derived  from  a  normal  or  saturated  hydrate, 
t  U  =  60.  O  =  8. 


hydrate  is  U'" 


QQ,  wbioh  formula 


188  PEINCIPLES  OF  CHEMISTBT. 

fOH 

OH, 

lOH 

may  also  be  written     -n-  [O,  to  sbow  that  the  typical  hydrogen  is  there 

united  to  the  uranyl  (UO')  by  the  medium  of  the  oxygen. 

The  grouping  of  the  hydrate  [    TT>Ojis  so  stable  that   even  the 

chloride  corresponds  to  it.     Thus  on  submitting  the  sesquioxide  of 
uranium  to  the  action  of  chlorine,  we  do  not   obtain  the  chloride 

( U'"|ci  j  =  (U'"CP),  it  is  the  oxychloride  (u'"|^|')  =  (UOCl)  that  is 

produced. 

The  several  theoretical  considerations  we  have  just  stated  on  the 
subject  of  uranium  show  how  our  present  theories  are  more  enlarged 
than  former  ones,  since  such  facts  are  now  considered  as  ordinary  and 
noimal  which  were  formerly  regarded  as  exceptions. 

The  sesquioxide  of  uranium  is  a  bright  yellow  colour ;  strongly  heated 
it  loses  part  of  its  oxygen,  and  is  transformed  into  a  green  oxide  (U'O^). 
The  sesquioxide  easily  dissolves  in  acids,  forming  yellow  salts,  and  in 
alkaline  solutions  forming  liranates,  in  which  uranyl  acts  as  an  acid 
radicle.  If  it  be  mixed  with  carbon,  and  the  mixture  heated  in  a 
current  of  hydrogen,  protoxide  of  m-anium  (UO),  or  rather  (U*0*),  is 
formed;  in  a  current  of  chlorine  the  same  mixture  forms  chloride 
(UCl*),  or  rather  (U«C1*). 

The  protoxide  placed  in  a  solution  of  nitrate  of  silver  gives  a  deposit 
of  metaJlic  silver  and  an  uranic  salt,  in  the  same  manner  as  a  sheet  of 
zinc  would. 

»a°-)o)  ^  (go|)  -  .(gsTfo)  +  ii] 

Nitrate  of  sfUer.  Protoxide  of  Uruiic  nlinte.  Silver. 

oranlam. 

Distinctive  Charaoteristics  of  Salts  of  tTranium. — The  sub-salts 
(salts  derived  from  the  protoxide),  such  as  protochloride  (U*C1*),  are 
green ;  with  caustic  alkalies  and  ammonia  they  give  a  dark-brown 
gelatinous  precipitate,  which  exposure  to  the  air  turns  yellow  by  causing 
it  to  pass  to  the  state  of  perhydrate. 

Uranic  salts  (salts  derived  from  the  hydrate  (    tt|  ^  ))are  yellow; 

alkalies  form  in  their  solutions  a  yellow  precipitate,  soluble  in  an  ex- 
cess of  the  reagent 

Their  alcoholic  solutions  exposed  to  the  sun  turn  green,  because  they 
are  reduced  to  sub-salts  by  losing  oxygen. 
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GENERAL  REMARKS  ON  THE  PENTATOMIC  METALLOIDS. 

The  fandamental  character  of  metalloids  of  this  class  is  that  they  are 
pentatomic ;  they  can  unite  with  three  or  five  monatomic  atoms,  forming 
compounds  belonging  to  the  two  types  (R'"X')  and  (R^'X*). 

It  is  remarkable  that  when  a  single  monatomic  radicle  enters  into 
combination  with  one  of  these  bodies,  the  compound  has  a  great  ten- 
dency to  assume  the  grouping  (RX'),  while  when  two  different  radicles 
intervene  at  the  same  time,  the  group  (RX^)  is  the  one  that  usually 
forms. 

Bismuth  and  uranium  are  exceptions  to  this ;  they  never  form  com- 
pounds corresponding  to  the  formula  (RX^).  Nevertheless,  if  we  con- 
sider that,  commencing  from  nitrogen,  the  stability  of  the  compounds 
of  which  we  speak  progressively  decreases ;  if  we  consider  moreover, 
that  the  combinations  of  bismutibi  and  uranium  with  oxygen  have  the 
strictest  analogy  to  the  oxygenized  combinations  of  antimony,  we  are 
obliged  to  admit  that  bismuth  and  uranium  belong  to  the  group  of 
pentatomic  metalloids,  and  that  if  their  compounds  answering  to  the 
formida  (RX^)  are  not  known,  it  is  probably  because  they  are  too  un- 
stable to  have  been  hitherto  prepared. 

Those  of  these  metalloids  which  combine  with  hydrogen  give  com- 
pounds whose  formula  is  (RH').  When  the  radicle  R  is  nitrogen  the 
compound  eagerly  combines  with  acids  to  pass  to  the  grouping  (RX^). 

(NH»)      +      (HCl)       =       (NH*C1) 

Ammonia.  Hjdrocfalorio  Chloride  of 

•dd.  ammonitim. 

If  the  radicle  R  be  phosphorus,  the  preceding  reaction  is  only  possi- 
ble with  hydrobromic  and  hydriodic  adds,  and  even  then  the  com- 
pounds formed  are  unstable. 

Arseniuretted  hydrogen  and  antimoniuretted  hydrogen  never  unite 
either  with  hydracids  nor  with  ox-acids.  It  is  only  when  their  hydrogen 
has  been  replaced  by  organic  radicles  that  the  group  can  be  completed 
by  the  fixing  of  two  new  monatomic  radicles. 

We  know  that  polyatomic  radicles  are  capable  of  accumulating  in 
the  molecules,  losing  a  fraction  of  their  capacity  for  saturation  equal  to 
2  ft  —  2,  calling  n  the  number  of  atoms  accumulated  in  one  molecule. 
We  also  know  that  every  compound  which  contains  monatomic  radicles 

may  lose,  successively,  one,  two,  three n  molecules  of  these 

latter,  forming  non-saturated  bodies.  According  to  this  principle,  a 
member  of  this  class  ought  to  be  able  to  form,  with  monatomic  radicles, 
the  following  compounds : 

RX»    -RX»    -RX 

R>X»  -R«X«  -R«X*  -R«X« 

R»X»  -  R«X»  -  R»X'  -  R»X*  -  R'X»  -  R«X 

R*X"  -  R*X»  -  R*X»<>  -  R*X»  -  R*X»  -  R*X*  -  R*X». 
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W«  know  very  little  concemiDg  those,  produote  of  condensation  ; 
nevertheless,  there  are  two  componnds  of  phosphorus  and  one  of  arsenic 
which  evidently  correnpond  to  two  of  these  furmulte.  These  are 
liquid  phosphurettod  hydrogen  (P*H'),  solid  pbosphuretted  hydrogen 
(P'H'),  and  solid  arsenide  of  hydrogen  (Ae'H'). 

Pentatomic  metalloids  can  also  unite  with  oxygen  and  with  biatomic 
radicles  in  general.  These  latter  radicles  having  the  faculty  of  accumu- 
lating indefinitely,  the  quantity  of  their  compounds  possible  is  innumer- 
able. Nevertheless,  as  the  addition  of  any  number  of  atoms  of  a  radicle 
of  even  atomicity  to  one  of  these  metalloids  can  only  give  one  oom- 
potind  radicle  of  uneven  atomicity,  and  as  these  radicles  cannot  exist  in 
a  free  state,  oxygen  and  it^  congeners  ought  only  to  combine  with 
bodies  of  the  nitrc^u  family  on  condition  that  the  compound  formed 
contain  two  atoms  of  the  pentatomic  metalloid  (we  speak  of  compounds 
capable  of  isolation,  andnot  of  radicles  that  can  only  act  in  combinations). 
But  there  are  two  exceptions  to  this  mle :  that  of  the  protoxide  of 
nitrt^en,  whose  formula  is  (NO)  and  not  (NV!)*),  and  that  of  the  hypo- 
nitride,  whose  formula  is  (Nt)*)  and  not  (N*0*). 


APPENDIX  TO  THE  METALLOIDS. 


0  Air. — The  qualitative  composition  of  atmospheric  air 
was  determined  for  the  first  time  by  Lavoisier,  by  means  of  the  fol- 
lowing experiment. 

Lavoisier  took  a  globe  B  (fig.  29),  with  a  very  long  neck  curved 


twice ;  the  globe  contained  mcicury,  and  the  free  end  of  the  neck  was 
passed  under  a  bell-glass  full  of  air  E,  placed  over  a  balh  of  mercury  D. 
The  air  contained  in  the  globe  could  communicate  freely  with  that 
contained  in  the  bell  glass. 


ATMOSPHERIC  AIR.  191 

The  apparatus  being  thus  disposed,  Lavoisier  heated  the  globe  for 
twelve  days  at  a  temperature  about  that  of  the  boiling  pointof  moTcmry. 
He  observed,  Ist,  that  the  mercury  in  the  globe  became  covered  with  a 
red  layer ;  and,  2iid,  that  the  volume  of  air  in  the  bell-glass  diminished. 

Aftec  twelve  days,  the  gaseous  volume  no  longer  diminishing  and 
the  red  laj-er  no  longer  appearing  to  increase,  Lavoisier  arrested  the 
operation.  He  then  recognized  that  the  gas  contained  in  the  bell-glass 
possessed  the  properties  we  have  described  as  belonging  to  nitrogen.  He 
collected,  on  the  other  band,  the  red  layer  produced,  and  boated  it 
strongly  in  a  email  tube  closed  at  one  end.  The  mercury  was  re-formed, 
and  a  gaa  was  disengaged  in  which  Lavoisier  recognised  the  properties 
we  have  described  as  belonging  to  oiygen. 

This  experiment  showed  that  air  is  composed  of  two  gases,  to  which 
Lavoisier  gave  the  names  which  they  still  retain ;  but  it  could  do  nothing 
towards  fixing  ils  quantitative  composition.  Succeeding  experimentei's 
endeavoured  to  do  this,  and  numerous  processes  have  been  successively 


Analysis  op  Air  bt  PHOSPHOKna, — A  small  graduafad  bell-glass  con- 
taining a  measured  quantity  of  air  is  placed  over  a  bath  of  mercury 
(fig,  30).     A  ball  of  phosphorus  supported  by  a  wire  is  introduced  into 


the  bell-glass,  and  the  apparatus  is  left  aloue  until  the  gaseous  volume 
no  longer  diminishes,  which  sometimes  requires  a  rather  long  time. 
Finally,  it  is  shaken  a  little  to  precipitate  the  phosphorus  vapour,  and 
the  remaining  volume,  which  is  nitrc^en,  is  measured.  Instead  of  this 
procesB  another  method  may  be  employed,  which  consists  in  heating  a 
piece  of  phosphorus  in  a  curved  bell-glass  (fig.  31)  by  a  small  spirit 
lamp.  The  combination  of  the  oxygen  and  phosphorus  is  then  very 
rapid.  The  operation  should  be  conducted  in  a  vessel  full  of  water,  in 
order  that  the  acids  arising  from  the  oxidization  of  the  phosphorus  may 
be  dissolved. 

In  whatever  way  we  operate,  we  find  that  100°°  of  air  leave  a  residue 
of  79",  which  gives  21"  for  the  oxygen  consumed. 

Analysis  of  Air  by  Cokpeb  and  Acids. — In  presence  of  acids  copper 
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absorbs  oxygen.  If  therefore  a  sheet  of  copper  moistened  with  sol- 
phnric  aoid  be  placed  in  a  test  tube  containing  a  known  volume  of  air, 
after  a  certain  time  the  metal  will  have  absorbed  all  the  oxygen,  and 
there  will  only  remain  in  the  tube  pure  nitrogen,  which  may  be 
measured.  m 

Process  by  Pybogallic  Acid  and  Potash. — In  contact  with  potash, 
pyrogallic  acid  absorbs  oxygen.  It  is  therefore  only  necessary  to  shake 
a  tube  full  of  air  placed  over  mercury,  after  having  introduced  succes- 
sively, by  means  of  a  small  curved  tube,  pyrogallic  acid  and  potash,  and 
to  measure  the  gas  which  remains^  after  absorption.  This  gas  consists 
of  pure  nitrogen,  and  the  amount  of  oxygen  is  determined  by  the 
difference. 

EuDiOMETBJO  Process. — A  measured  volume  of  atmospheric  air  Y,  and 
an  equal  one  of  hydrogen  Y',  are  introduced  into  a  eudiometer,  and  the 
amount  of  the  given  volume  of  the  mixture  is  Y  +  Y'. 

An  electric  spark  is  transmitted,  and  after  the  explosion  the  gas 
which  remains  is  measured ;  let  its  volume  be  Y" ;  Y  -(-  Y'  —  Y"  re- 
presents the  gas  that  has  disappeared  by  the  combustion.  This  gas 
has  passed  into  the  state  of  water,  and  the  mixture  of  hydrogen  and 
oxygen  capable  of  being  entirely  transformed  into  water  contains  ^  of 

Y  4-  Y'  -  Y" 
oxygen.     Therefore  the  volume  Y  of  air  contained  — -i— of 

Y  +  Y'  -  Y" 
oxygen,  and  Y of  nitrogen. 

We  find  by  this  process,  as  by  the  analysis  made  by  means  of  phos- 
phorus, that  air  contains  in  a  hundred  parts : 

Oxygen         ....        21  volumes. 
Nitrogen       ....         79        „ 

MM.  Dumas  and  Boussingault's  Process. — In  this  method  the  con- 
stituent elements  of  air  are  proportioned  by  weight.  Moreover,  if 
necessary,  not  only  the  oxygen  and  nitrogen,  but  also  the  carbonic 
anhydride  and  the  vapour  of  water  which  air  contains,  may  be  deter- 
mined in  the  same  experiment. 

The  apparatus  is  composed  (fig.  32),  1st,  of  a  large  globe  A,  furnished  at 
the  upper  part  with  a  brass  neck  having  an  air-tight  stopcock  R,  above 
which  is  fastened  a  bent  glass  tube  B.  2nd.  This  tube  conmiimicates 
through  a  brass  stopcock  H'  fitted,  by  means  of  india-rubber,  with  another 
larger  tube  of  porcelain  placed  on  a  grating  of  sheet  iron  C.  3rd.  The 
porcelain  tube  is  closed  at  the  other  extremity  by  a  stopcock  B",  by  means 
of  which  it  communicates  with  a  series  of  U  and  Liebig's  tubes  full  either 
of  solution  of  potash  or  sulphuric  acid,  or  of  pumice-stone  moistened 
with  sulphuric  acid  or  potash,  or  of  solid  potash,  for  the  purpose  of 
absorbing  the  carbonic  anhydride  and  watery  vapour.  Before  the 
operation  the  globe  A  is  exhausted,  after  which  its  weight  p  is  ascer- 
tained. The  porcelain  tube  is  filled  with  copper  filings,  the  air  exhausted, 
and  its  weight  p'  also  ascertained ;  finally,  if  we  wish  to  ascertain  the 
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proportioDB  of  the  water  and  carbonic  anhydride,  the  whole  of  the 
potash  and  sniphurio  acid  apparatoa  is  likewise  weighed. 

This  done,  the  apparatus  is  mounted,  the  tube  containing  the  metal- 
lio  copper  is  heated  to  redness,  then  the  tap  R"  is  opened,  care  being 
taken   to  allow  the  air  to  enter  only 
slowly.     When  this  tube  is  full  of  gas, 
which  is  known  by  no  more  air  bubbles 

passing  into  the  bulb-tubes,  .the  tap  R'  is  1 

opened.     The  air  then  rashes  into  the  ( 

globe,  and  when  it  ceases  to  pass,  the 
taps  B,  R',  and  E"  are  closed  and  the 
apparatus  is  dismounted. 

The  air,  on  passing  over  the  red-hot 
copper,  leaves  its  oxygen  with  the 
metal,  so  that  the  porcelain  tube  at  the 
end  of  the  operation  contains  all  the 
oxygen  of  the  decomposed  air.  The 
uitn^n  fills  both  this  tube  and  the 
globe  A. 

The  globe  A  full  of  nitrogen  is 
weighed  ;  let  P  be  its  weight ;  T  —p 
represents  the  weight  of  nitrogen  it 
contains.  t) 

The  porcelain  tube  full  of  nitrogen  is  ^ 

also  weighed;  let  P  be  its  wMght,  Then 
it  is  exhausted  and  its  weight  P"  again 
determined.  P*  —  P"  indicates  the  quan- 
tity of  nitrogen  which  this  tnbe  con- 
tained, and  in  consequence  the  total 
quantity  of  nitrogen  is :  P  —  p  +  P'  —  P". 

On  the  other  hand,  F'  —  j/  repre- 
sents the  weight  of  tbe  oxygen  fixed  by 
the  copper. 

Finally,  let  us  represent  by  Q  and 
by  Q'  the  weights  of  the  water  and  the 
carbonic  anhydride  condensed  in  the 
tubes  placed  in  the  first  part  of  the  ap- 
paratus. 

The  weight  of  the  air  decomposed 
being  neoessarily  equal  to  the  amount 
of  that  of  the  different  elements  consti- 
tuting it,  is  therefore : 

V-p  +  V-V'  +  V-p'+Q  +  Q'. 

Thus  the  weights  of  the  nitrr^n,  oxygen,  carbonic  anhydride,  and 
watery  VE^Kmr  contained  in  a  given  weight  of  air  arc  determined. 
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These  numbers  have  only  to  be  transformed  into  volnmes  by  taking  as 
bai^s  the  densities  of  oxygen  and  nitrogen. 

MM.  Dumas  and  Boussingault  have  in  this  manner  demonstrated 
that  air  contains  in  weight : 

Oxygen 23 

Nitrogen 77 

and  in  volumes : 

Oxygen 20  "8 

Nitrogen 79-2 

Carbonic  anhydride  and  vapour  of  water  enter  into  air  in  variable 
proportions.  This  fluid  contains  a  mean  of  from  3  to  6  parts  in  a 
thouscmd  of  the  first  of  these  bodies,  and  of  the  second,  from  6  to  9  in 
a  thousand. 

When,  after  freeing  air  from  all  the  carbonic  anhydride  it  contains, 
it  is  mixed  with  hydrogen,  and  submitted  to  the  electric  spark,  it  is 
stated  that  a  very  small  quantity  of  carbonic  anhydride  is  formed, 
sufficient  to  give  a  precipitate  in  lime-water.  This  experiment  shows 
that,  besides  carbonic  anhydride,  air  contains  another  combustible 
carbonized  substance  whose  nature  is  unknown.  Traces  of  ammonia 
are  also  found  in  air,  and  M.  Barral  has  in  addition  discovered  the 
presence  of  a  phosphorized  substance. 

After  having  shown  the  invariability  of  the  proportion  existing 
between  the  oxygen  and  nitrogen  of  the  air,  there  remains  to  be  con- 
sidered whether  these  bodies  are  chemically  combined,  or  simply 
mixed. 

Air  must  be  considered  as  merely  a  mixture  of  the  gases  without 
combination  for  the  following  reasons  : 

1st.  In  the  combinations  of  gases  a  simple  relation  is  always  observed 
between  the  volumes  of  the  combined  gases  and  that  of  the  compound 
formed.  Moreover,  the  combination  is  constantly  accompanied  by 
contraction,  unless  the  two  gases  which  unite  do  not  enter  into  combi- 
nation in  equal  volumes.  There  is  no  simple  relation  between  the 
volumes  of  nitrogen  and  oxygen  contained  in  air,  and  the  sum  of  their 
volumes  represents  exactly  the  volume  of  the  air  without  any  contrac- 
tion. 

2nd.  When  quantities  of  nitrogen  and  oxygen  equal  to  those  consti- 
tuting air  are  mixed,  air  is  obtained  possessing  all  its  properties. 
NeveHheless  the  most  exact  thermometers  cannot  show  any  elevation 
of  temperature,  and  the  most  delicate  electroscopes  show  no  develop- 
ment of  electricity,  while  combination  is  always  accompanied  by  both. 

3rd.  In  air  oxygen  and  nitrogen  retain  their  own  solubilities,  and  as 
oxygen  is  more  soluble  than  nitrogen,  air  taken  from  water  contains 
more  oxygen  than  the  ordinary  atmosphere.  This  phenomenon  could 
not  exist  if  air  were  a  combination,  for  then  the  two  gases  which  con- 


ATMOSPHEBIC  AIB.  195 

stitnte  it  would  have  each  lost  its  own,  to  acquire  a  oommon 
solubility. 

4tli.  The  refracting  power  of  compound  gases  is  always  greater  or 
less  than  the  sum  of  that  of  their  elements.  Air,  on  the  contrary,  has 
a  refracting  power  equal  to  the  amount  of  that  of  its  elements. 

Air  owes  the  iuTariability  of  its  constitution  chiefly  to  its  enormous 
mass,  which  causes  its  variations  to  be  scarcely  appreciable.  It  also 
owes  it  partly  to  the  action  of  vegetation,  which  decomposes  carbonic 
anhydride  under  the  influence  of  solar  radiation  and  restores  the  oxygen 
to  the  atmosphere.  Nevertheless  the  quantity  of  carbonic  anhydride 
produced  appears  to  be  larger  than  that  of  the  oxygen  given,  so  that 
the  invariability  observed  may  be  only  apparent,  and  be  owing  to  the 
comparatively  short  time  which  has  elapsed  since  the  composition  of 
air  has  been  known. 

It  is  probable  that  before  the  appearance  of  animals  on  the  globe, 
when  vegetation  alone  existed,  the  composition  of  the  air  was  modified 
inversely,  that  is  to  say,  the  proportion  of  carbonic  anhydride  decreased 
and  that  of  oxygen  augmented.  Is  it  not  possible  that,  after  an 
immense  period,  air  may  become  unfit  for  the  respiration  of  animals, 
so  that  again  vegetation  alone  will  exist  on  the  globe  for  a  series  of 
centuries,  until  it  shall  a  second  time  render  the  air  fit  for  animals  to 
breathe? 

It  is  even  possible  that,  before  the  distant  epoch  when  probably  all 
life  will  disappear  from  the  surface  of  the  earth,  many  similar  periods 
may  succeed  each  other. 


o  2 


METALS. 


CLASSIFICATION. 

Up  to  tlie  present  time  the  classification  of  metals  has  been  quite 
artificial ;  it  was  created  by  M.  Thenard,  and  is  based  on  the  action 
which  heat  exercises  on  metallic  oxides,  and  on  the  property  metals 
have  of  decomposing  water  at  more  or  less  elevated  temperatures, 
or  of  not  decomposing  it  at  all. 

Metals  are  first  arranged  in  two  sections  ;  the  first  containing  those 
whose  oxides  cannot  be  decomposed  by  heat  alone,  and  the  second, 
those  whose  oxides  are  decomposed  by  heat. 
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MetalB  whose  Oxides  cannot  be  deoomposed  by  heat  alone. 
This  section  contains  the  five  following  classes : 

IST  Class. — MeidU  decomposing  cold  water. 

Potassium.  Barium. 

Sodium.  Strontium. 

Lithium.  Calcium. 

The  three  first  of  these  have  been  called  alkaline  metals,  and  the 
three  last,  metals  of  the  alkaline-earths.  To  this  class  caesium  and 
rubidium  must  be  added. 

2nd  Class. — MeUds  decomjponng  water  at  100^. 

Magnesium.  Erbium. 

Cerium.  Terbium. 

Lanthanum.  Zirconium. 

Didymium.  Thorinum. 

Glucinium.  Aluminium. 
Yttrium. 

These  metals  are  generally  known  as  metals  of  the  earths. 
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3bd  Class. — Metals  decomposing  water  at  red  Jieat,   and  disengaging  hy- 
drogen from  cold  water  under  the  influence  of  dihUe  acids. 

Manganese.  Cobalt 

Zinc.  Vanadium. 

Iron.  Cadmium. 

Nickel.  Chromium. 

4th  Class. — Metals  decomposing  water  at  red  heai,  and  not  disenga^ng 

hydrogen  from  cold  water  on  contact  with  acids. 

Tin.  Tungsten. 

Antimony.  Pelopium. 

Uranium.  Niobium. 

Titanium.  Tantalum. 

Molybdenum.  Osmium. 

5th  Class. — Metals  which  decompose  water  only  at  a  white  heat,  and  do  not 
disengage  hydrogen  from  cold  toater  under  the  influence  of  acids. 

Copper,  Bismuth. 

Lead. 


SEoozn)  Section. 

MetalB  whose  Oxides  can  be  decomposed  by  beat  alonew 

This  section  only  contained  one  class  in  M.  Thenard's  original  classi- 
fication ;  M.  Begnault  divided  it  into  two. 

6th  Class. — Metals  which  do  not  decompose  water  at  any  temperature  ;  which 
are  capable  of  absorbing  oxygen  at  a  certain  temperature,  and  whose  oxides 
are  reduced  by  a  more  intense  heat. 

Mercury,  Bhodium. 

7th  Class. — Metals  which  do  not  absorb  oocygen  at  any  temperalure;  which 
never  decompose  water,  and  whose  oxides  can  be  reduced  by  heat. 

Silver.  Platinum. 

Oold.  Euthenium. 

FalladiunL  Iridium. 

This  classification  is  no  longer  sufficient,  for — 

Ist  Li  several  classes  many  bodies  appear  which  ought  to  be  ranked 
among  metalloids.  The  fourth  class  is  almost  entirely  composed  of 
such,  we  may  perhaps  say  entirely,  for  it  is  very  possible  that  pelopium 
ought  to  be  placed  by  the  side  of  tantalum,  and  that  tungsten,  molyb- 
denum, and  osmium  may  pass  into  the  ranks  of  the  metalloids. 
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2nd.  Bodies  which  have  manifest  analogies  in  their  properties  are 
separated  from  each  other  in  consequence  of  a  difference  observed  in 
characreristics  of  secondary  importance.  It  is  thus  that  bodies  like 
aluminium  and  iron  are  placed  in  different  classes  though  presenting 
ver}"*  great  resemblances  to  each  other. 

3rd.  Even  from  the  arbitrary  point  of  view  taken  by  its  author, 
this  classification  should  be  revised.  Bodies  such  as  aluminium  and 
magnesium,  which  there  appear  as  decomposing  water  at  100^,  in 
reality  only  decompose  it  at  red  heat,  as  MM.  Sainte-Glaire  Deville 
and  Debray  have  demonstrated. 

The  rational  classification  would  be  one  which  would  group  metals 
according  to  their  atomicity.  Leaving  to  one  side  osmium  and  pelo- 
pium,  which  to  all  appearance  are  metalloids ;  indium  and  wasium, 
whose  atomicity  cannot  be  ascertained,  and  whose  existence  even  is 
not  certain,  the  following  classification  might  be  adopted : 

1st  Glass.  -Monatomk  metals. 

Silver.  Potassium. 

Lithium.  Eubidium. 

Sodium.  Gsasium. 

2nd  Glass. — Biatomic  melah. 


Galcium. 

Erbium. 

Barium. 

Terbium. 

Strontium. 

Thorinum. 

Magnesium. 

Zinc. 

Gerium. 

Gadmium. 

Lanthanum. 

Gopper. 

Didymium. 

Mercury. 

Yttrium. 

3rd  Glass.- 

-Triatomic  meUds. 

Gold. 

Vanadium. 

Thallium. 

4th  Glass. — Tetratomic  meUds. 

Aluminium.  Gobalt. 

Glucinium.  Nickel. 

Manganese.  Lead. 

Iron.  Platinum. 

Ghromium.  Palladium. 

6tu  Class. — PetUalomic  metaU, 

Up  to  the  present  time  no  metal  belonging  to  this  class  has  been 
discovered. 
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6th  Class. — EexcUonUc  MetaU. 

Molybdenimi.  Rhodium. 

Tungsten.  Buthenium. 

Iridium. 

In  the  first  edition  of  this  work  we  said : 

'*  This  classification  is  perhaps  rather  bold ;  several  metals  are  here 
arranged  as  tetratomic  whose  compounds,  corresponding  to  the  formula 
CMX*),  have  never  been  obtained,  only  their  compounds  (M*X')  being 
known.  Several  appear  in  this  class  without  even  their  compounds  of 
this  latter  character  being  known  as  yet.  In  the  6th  class  we  have 
placed  iridium  and  ruthenium,  whose  hexachloride»  and  bromides  are 
not  known. 

*'  But  if  we  admit,  as  I  was  the  first  to  do,  that  the  apparent  atomicity 
of  a  body  ought  to  be  distinguished  from  its  real  atomicity,  this  being 
prevented  from  manifesting  itself,  in  consequence  of  the  weakness  of 
its  combining  affinities ;  if,  moreover,  it  be  admitted,  that  when  two 
bodies  appear  to  have  a  different  atomicity,  they  may  nevertheless  be 
considered  as  having  an  equal  atomicity  provided  they  present  great 
analogies  in  their  properties,  we  need  not  hesitate  to  accept  the  pre- 
ceding classification. 

"  Nitrogen,  on  combining  with  hydrogen,  chlorine,  and  other  mona- 
tomic  metalloids,  only  forms  compounds  corresponding  to  the  formula 
(NX"),  while  phosphorus  forms  with  chlorine  the  compound  (POP). 

''  Let  us  suppose  the  acids  which  combine  with  ammonia  and  com-* 
plete  jthe  group  (NX*)  to  be  unknown,  nitrogen  would  be  called  tri- 
atomic,  and  phosphorus  pentatomic. 

*'  Starting  from  the  known  pentatomicity  of  phosphorus,  nitrogen 
might  be  considered  as  pentatomic,  and,  in  fact,  this  would  be  correct, 
because  we  know  by  the  ammoniacal  salts  that  such  is  the  atomicity  of 
this  body. 

*'  I  suppose  that,  with  regard  to  a  great  number  of  bodies,  we  are  in 
the  same  position  as  we  should  be  with  nitrogen  if  these  ammoniacal 
salts  were  unknown,  and  I  establish  the  atomicity  of  these  bodies  by 
basing  my  arguments  on  the  relations  which  they  present  to  other 
bodies  whose  atomicity  cannot  be  doubted. 

"  I  also — basing  my  opinion  on  the  fact  that  two  atoms'  of  any 
atomicity  whatsoever,  on  combining  with  one  another  lose  two  units 
of  their  attractive  power — affirm  that  a  body  which  gives  compoimds 
of  the  order  (M'X*)  is  tetratomic.  It  is  really  necessary  that  M  be 
tetratomic  in  order  that  the  group  M'  may  have  an  atomicity  equal  to  6. 

*'  I  know  that  my  reasoning  rests  on  hypothesis.  But  when  is  this 
not  the  case  in  science  ?  Is  the  atomic  theory  itself  anything  but  an 
hypothesis  ? 

<<  My  hypothesis  takes  into  account  all  the  facts,  while  it  allows  us 
to  leave  the  old  tracks  rejecting  the  old  classification  of  metals,  and 
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adopting  a  now  one.     This  alone  entitles  it  to  be  taken  into  con- 
sideration." 

Since  the  first  edition  was  published,  experience  has  justified  our 
hypothesis.  M.  Nikl^s,  having  succeeded  in  giving  stability  to  the 
less  stable  metallic  chlorides  by  combining  them  with  ethei*8,  has  de- 
monstrated the  existence  of  chloride  of  manganese  (MnCP).  The 
tetratomicity  of  manganese  is  therefore  now  certain,  and  analogy  no 
longer  allows  lis  to  doubt  that  metals  of  the  same  group  are,  like  it, 
tetratomic. 


GENERAL  PROPERTIES  OF  METALS. 

Metals  are  all  opai^ue ;  but,  like  all  other  properties,  this  one  has  its 
limits.  When  reduced  to  extreme  tenuity  they  become  translucent. 
Thus,  gold  leaf  allows  a  green  light  to  pass  through  it. 

The  colour  of  metals  seen  by  transmitted  light  ought  to  be  comple- 
mentary to  that  seen  when  they  are  viewed  by  reflected  light :  this 
would  cause  us  to  expect  gold  to  have  a  red  colour  when  seen  by  re- 
fiected  light,  since  red  is  complementary  to  green,  which  conclusion 
appears  contrary  to  the  fact.  Nevertheless,  if  we  cause  a  ray  of  light 
to  be  reflected  eight  or  ten  times  from  the  surface  of  gold  before  re- 
ceiving it  into  the  eye,  we  perceive  that  the  metal  does  acquire  a  red 
colour,  which  would  not  be. observed  after  only  a  single  reflection,  but 
which,  notwithstanding,  is  its  true  colour.  The  colour  of  a  body  seen 
by  reflection  arises  in  reality  from  the  body  absorbing  rays  the  whole 
of  which  forms  a  shade  complementary  to  that  thus  observed.  If  the 
absorption  of  these  rays  be  easy,  a  single  reflection  is  sufficient  to  give 
to  the  body  the  shade  it  ought  to  acquire,  but  if  the  absorption  be 
difficult,  the  body  only  acquires  its  definite  colour  after  the  same  ray 
has  been  reflected  several  times.  This  is  the  case  with  gold,  and 
several  other  metals,  such  as  copper,  which  is  bright  scarlet ;  silver, 
which  is  yellow  :  zinc,  which  is  indigo  blue ;  iron,  which  is  violet,  etc., 
in  contradiction  to  what  ordinary  observation  appears  to  demonstrate. 

Almost  all  metals  can  crystallize,  and  they  usually  crystallize  in  the 
regular  system,  but  all  have  not  the  same  tendency  to  assume  a  crys- 
talline structure.  Oenerally  this  tendency  diminishes  vdth  their 
tenacity.  Some  metals  may  be  brought  to  the  state  of  thin  leaf  by 
being  passed  between  rollers,  or  by  hammering ;  they  are  then  called 
nxalleable.  Others,  on  the  contrary,  always  break  when  we  try  to 
flatten  them;  they  are  then  called  brittle.  Only  the  first  can  be 
utilised  in  the  unoombined  state. 

Malleable  metals  can  not  only  be  made  into  sheets,  but  they  can  also 
be  drawn  into  wii'es.  For  this  purpose  a  hard  steel  plate  is  used  which 
is  pierced  with  holes  diminishing  in  size  by  regular  gradation :  this 
apparatus  has  been  termed  a  draw-plate.  After  having  roughly 
rounded  the  metal,  it  is  made  thinner  at  one  end  either  by  means  of 
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the  bammer  or  by  filing,  and  tbis  end  is  plaoed  in  the  largest  bole  in 
tbe  draw-plate.  It  is  seized  by  pincers  on  tbe  other  side  and  the  metal 
drawn  through.  On  repeating  this  operation  through  all  the  holes  in 
the  draw-plate,  wires  are  obtained  of  great  tenuity. 

With  certain  metals  we  can  go  even  beyond  this.  If  a  very  fine 
platinum  wire  be  placed  inside  a  cylinder  of  silver,  and  the  whole 
drawn  through  the  draw-plate,  a  wire  is  obtained  of  a  diameter  equal 
to  that  of  the  original  platinum  wire ;  the  outside  of  this  wire  is  silver, 
but  the  centre  is  an  axis  of  platinum :  on  boiling  in  nitric  acid  the 
silver  is  dissolved,  and  there  remains  a  platinum  wire  of  most  extreme 
tenuity. 

Metals  must  possess  tenacity  in  order  to  be  drawn  into  wire,  or  they 
cannot  resist  the  traction  without  breaking,  and  the  result  is  that  all 
metals  which  can  be  made  into  thin  leaves  cannot  be  reduced  to  very 
fine  wires.  In  order  to  distinguish  these  two  properties,  the  first  has 
retained  the  name  of  maJledbiLity,  and  the  second  is  called  ductility. 

This  difference  is  shown  in  the  following  table,  where  a  certain 
number  of  bodies  are  successively  disposed  in  the  order  of  their  greatest 
malleability  and  of  their  greatest  ductility. 


Obder  of  greatest  Malleabiutt. 


Order  op  greatest  Ductility. 


1.  Gold. 

6.  Lead. 

1.  Gold. 

6.  Copper. 

2.  Silver. 

7.  Zinc. 

2.  Silver. 

7.  Zinc. 

3.  Copper. 

8.  Iron. 

3.  Platinum 

8.  Tin. 

4.  Tin. 

9.  Nickel. 

4.  Iron, 

9.  Lead. 

5.  Platinum. 

6.  Nickel. 

Generally,  when  metals  are  reduced  into  leaves  or  wires,  at  a  certain 
point  they  become  brittle,  and  are  then  said  to  be  hardened,  and  this 
hardening  is  always  accompanied  by  disengagement  of  heat.  On 
heating  metals  thus  hardened,  the  caloric  they  had  lost  is  restored, 
and  with  it  their  original  flexibility.  This  operation  is  called  tem- 
pering. 

All  metals  are  good  conductors  of  beat  and  electricity,  but  there  are 
also  great  differences  between  them  in  this  respect 

On  the  temperature  being  raised  sufficiently  high  all  metals  can  be 
melted.  Until  late  years,  few  of  them  could  be  reduced  into  vapour 
and  distilled,  but  M.  Henry  Sainte-Claire  Deville  has  volatilized  nearly 
aU  by  means  of  the  oxyhydn^en  blowpipe. 

The  density  of  metals  is  generally  greater  than  that  of  water,  but 
the  alkaline  metals  are  an  exception. 

Alloys. —When  two  metals  are  alloyed,  the  properties  of  the  alloy 
are  not  intermediate  between  those  of  the  two  metals  united ;  they 
are  new  and  perfectly  distinct  properties.  Thus  the  alloy  may  be 
harder  than  each  of  the  metals  which  form  it,  and  its  density  may  be 
greater  than  the  mean  density  of  its  elements,  etc.  These  charac- 
teristics show  that  alloys  are  true  definite  combinations,  though  it  is 


202  PEINCIPLES  OP  CHEMISTRY. 

often  difficult  to  separate  sncli  compounds  in  a  pure  state  and  to  deter- 
mine their  formulas. 

Most  of  the  compounds  actually  employed  in  manu&ctures  under 
the  name  of  alloys  containing  tin,  antimony,  or  bismuth,  which  are 
metalloids,  ought  to  cease  to  bear  the  name.  Nevertheless,  as  a 
name  is  of  very  little  importance,  and  as,  without  endangering  the 
theory,  we  can  designate  the  compounds  containing  metalloids  by 
the  same  appellation  as  if  they  only  contained  metals,  we  will  continue 
to  call  these  bodies  alloys  in  order  to  conform  to  the  nomenclature  in 
use. 


First  Class  (Monatomic  Metals). 


FOTASBIUM 


I 


K 

Atomic  weight  =  39.     Probable  molecaUu*  weight  =  78. 

Davy  first  obtained  potassium  by  decomposing  a  highly-concentrated 
solution  of  potash  by  means  of  a  powerful  galvanic  battery,  the  nega- 
tive pole  of  which  was  plunged  into  mercury  placed  at  the  bottom  of 
that  solution.  The  metal  was  resolved  into  an  amalgam,  and  remained 
pure  when  this  amalgam  was  submitted  to  the  action  of  heat  and  the 
mercury  driven  off.  Later,  Oay-Lussac  and  Thenard  obtained  the 
metal  by  causing  red-hot  iron  to  act  on  melted  potash.  But  now  this 
body  is  prepared  by  strongly  calcining  in  an  iron  bottle  an  intimate 
mixture  of  carbonate  of  potassium  and  charcoal  (black  flux),  result- 
ing from  the  calcination  of  cream  of  tartar.  The  potassium  distils, 
and  is  received  into  an  apparatus  containing  naphtha : 


( 


'%}0')    +     2C     = 

=     3(C0)    +     1} 

Gu-bonate  of               Carbon. 

Oxide  of             Potaadiiin. 

potaflsimn. 

carbon. 

The  potassium  is  melted  under  oil  of  naphtha  to  purify  it ;  it  is 
filtered  through  a  cloth  which  is  introduced  into  this  oil,  and  finally 
it  is  again  distilled. 

Potassium  is  a  white  metal  which  soon  tarnishes  in  the  air ;  it  is 
very  soft,  melts  at  58^,  and  its  density  is  0*86.  It  is  one  of  the 
bodies  having  the  greatest  affinity  for  oxygen  of  any  with  which  we 
are  acquainted,  though  ccesium  and  rubidium  have  still  greater  affinity 
for  this  metalloid.  It  absorbs  dry  oxygen  at  the  ordinary  tempei-ature, 
and  combines  with  it  when  hot  still  more  easily. 

It  decomposes  water  at  the  ordinary  temperature,  and  develops 
sufficient  heat  to  produce  the  combustion  of  the  hydrogen  disengaged. 
The  flame  is  coloured  violet  by  a  small  quantity  of  vapour  of  potas- 
sium. When  a  globule  of  potassium  is  thrown  on  water,  this  pheno- 
menon of  combustion  is  at  once  observ^ed,  and  the  red-hot  metal 
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floats  on  the  surface  of  the  liquid.  When  the  combustion  ceases,  a 
small  globule  of  potash  very  hot,  previously  held  up  by  the  hy- 
drogen gas,  falls  into  the  cold  water  and  bursts,  and  its  fragments 
are  thrown  in  all  directions  by  the  vapour  then  produced.  The  great 
ease  with  which  potassium  oxidizes,  obliges  chemists  to  keep  it 
beneath  naphtha  (carbide  of  hydrogen),  which  is  a  body  entirely  free 
from  oxygen. 

Combinations  op  Potassium  with  Monatomic  Metalloids. 

Potassium  on  uniting  with  monatomic  metalloids  forms  a  single 
series  of  compounds  answering  to  the  formula  (KB).  We  know  the 
chloride  of  potassium  (ECl),  the  bromide  (KBr),  the  iodide  (KI),  and 
the  fluoride  (KFl). 

Chloride  of  Fotassimn  (ECl). — This  is  obtained  as  a  refuse  product 
in  several  manufactures,  and  a  great  quantity  is  extracted  from  the 
ashes  of  burnt  seaweed,  which  yield  as  much  as  30  per  cent. 

Chloride  of  potassium  crystallizes  in  rectangular  prisms ;  its  density 
is  1  '84.  It  is  salt  and  bitter ;  100  parts  of  water  at  2°  dissolve  29*2  parts, 
and  59*3  at  the  boiling  temperature.  Fifty  grammes  of  this  salt  well- 
powdered,  rapidly  dissolves  in  200*^  of  water  contained  in  a  vase  weigh- 
ing ISS**,  lowering  tte  temperature  to  —  11 '4°. 

Iodide  of  Potassium. — This  body  may  be  obtained  by  several  pro- 
cesses, ihe  most  simple  of  which  consists  in  dissolving  iodine  in  a 
concentrated  solution  of  potash  until  the  liquid  is  slightly  coloured. 
Iodide  of  potassium  is  formed  which  remains  dissolved,  and  potassic 
iodate  which  is  precipitated.  The  reaction  takes  place  according  to 
the  following  equation : 

«(l}o)  +  KJD  -  »(FD  +  CW  +  '(ilo) 

Potassic  Iodine.  Iodide  of  Iodate  of  Water, 

hydnte.  potaaainin.  potaailum. 

The  liquor  is  evaporated  to  diyness  without  separating  the  preci- 
pitated iodate,  and  the  residue  is  calcined  at  red  heat :  the  iodate  during 
the  operation  is  changed  into  iodide,  disengaging  oxygen : 

Iodate  of  Oxygen.  Iodide  of 

potamdom.  potaadnm. 

The  residue  of  the  calcination  is  dissolved  in  water  and  crystal- 
lized. 

Iodide  of  potassium  may  also  be  prepared  by  precipitating,  by 
potassic  carbonate,  the  solution  of  iodide  of  iron  obtained  by  pounding 
iodine  and  iron  filings  under  water.    . 

Iodide  of  Carbonate  of  Carbonate  of  Iodide  of 

Iron.  potasaiiiiii.  iron.  potairinm. 
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Iodide  of  potassmm  crystallizes  in  colourless  anhydrous  cnbes.  It 
has  a  disagreeable  bitter  taste,  and  is  fusible,  deliquescent,  soluble  in 
alcohol,  and  very  soluble  in  water,  by  dissolving  in  which  it  can  cause 
a  reduction  of  temperature  to  —  24°. 

Iodide  of  potassium  is  often  adulterated  with  chloride  of  potassium 
or  sodium.  To  detect  this,  a  small  quantity  is  dissolved  in  water,  and 
nitrate  of  palladium  is  added  to  the  solution  till  it  no  longer  causes  any 
precipitation.  The  solution  is  then  filtered  and  treated  with  a  solution 
of  nitrate  of  silver.  If  this  now  causes  a  precipitate,  it  cannot  aiise 
from  iodine,  which  has  been  wholly  eliminated  by  the  salt  of  palladium, 
and  we  may  be  certain  that  the  salt  examined  contained  a  chloride. 

Iodide  of  potassium  is  mnch  ilsed  in  medicine. 

Bromide  of  Potassium  (EBr). — Bromide  of  potassium  is  prepared 
like  the  iodide,  with  the  single  diiference  that  bromine  is  substituted 
for  iodine. 

Compounds  op  Potassium  with  Polyatomic  MErALLoms. 

These  metalloids  combine  with  potassium  in  different  proportions. 
Three  oxides  are  known  (K^O),  (K«0"),  and  (K"0*)*  and  the  sulphides 
(K«S),  (K«S*),  (K'S»),  (K'S*),  and  (K»S*). 

Of  the  three  oxides,  the  two  last  possess  little  stability,  and  on 
contact  with  water  give  potassic  hydrate,  at  the  same  time  disengaging 
oxygen. 

2(K«0*)     +     2(H'0)     +     4(1  }o)     +     3(g}) 

Tetr-oxide  Water.  Potasslo  Oxygen, 

ofpotaasium.  hydrate. 

Protoxide  of  Potassium  (K'O). — The  best  method  of  obtaining  this 
body  consists  in  heating  very  dry  hydrate  of  potassium  in  a  silver 
crucible  with  a  quantity  of  potassium  equal  to  that  which  the  hydrate 
contains. 

»(i}o)  +  I)  -  ^(1)0)  +  i} 

Hydrate  of  PotoBdum.  Protoxide  Hydrogen. 

p<^a8riiim.  of  potassium. 

Potassium  may  also  be  heated  in  oxygen,  so  as  to  obtain  a  tetr-oxide 
of  this  metal,  and  this  tetr-oxide  may  afterwards  be  calcined  in  a 
silver  crucible  with  a  quantity  of  potassium  equal  to  three  times  that 
which  it  contains. 

'■^  I)    +    K81)    -    i)«- 

Potassiain.  Oxygen.  Tetr-oxide  of 

potaasium. 

2nd.     (|)(y)     +        3(1 })         =         4(1}  O) 

Tetr-oxide  Potaadum.  Protoxide 

of  potaasium.  of  potassium. 


*  U.  Vernon  Harcourt,  Quarterly  Journal  of  Ote  Chemical  Society,  vol.  xv.,  p.  276. 
October,  1861. 
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Protoxide  of  potassium  is  a  powerfal  basic  anhydride ;  it  enters  into 
double  decomposition  with  water  and  with  acids,  giving  a  hydrate  in 
the  first  case,  and  a  potassio  salt  in  the  second. 

-     (i|«)  +  (ifo)  -   »(l[o) 

Protoxide  of  Water.  HTdmte  of 

potMslaiii.  |M4anlinn 

^a.    (l)o)  +  <'^)o)  =  .(<™"0}o)  +  (|}o) 

Protoxide  of  Acetloadd.  Acetate  of  Water, 

potaasinm.  potaadam. 

The  protoxide  of  potassium  is  not  utilized,  its  only  interest  is  as 
the  anhydiide  of  a  powerful  base. 

Hydrate  of  Fotasfldum  (Caustic  Potash)  (KHO). — Hydrate  of  po- 
tassium, better  known  as  caustic  potash,  is  one  of  the  most  poweiful 
bases  known.  It  is  a  white  substance,  having  a  bright  fracture  and 
a  burning  acrid  taste,  a  urinous  smell,  and  is  soapy  to  the  touch. 

Potassic  hydrate  is  only  dehydrated  when  fused  for  a  very  long 
time  and  at  a  high  temperature ;  and  even  then  the  greater  part  is 
volatilized  without  altering.  The  dehydrated  part,  which  is  protoxide 
of  potassium,  immediately  absorbs  oxygen  from  the  air,  and  is  trans- 
formed into  the  tetraoxide  of  the  metal. 

Hydrate  of  potassium  is  very  soluble  in  water,  and  its  solution  is 
accompanied  by  a  considerable  disengagement  of  heat. 

Hydrate  of  potassium  is  produced  when  water  is  decomposed  by 
potassium : 


K 
K 


}    +    ^(i)o)    -    ^(§}o)    +    g} 


PotaaaiiiiD.  Water.  Potaaalc  Hydrogen. 

hydrate. 

But  this  method  of  preparation  would  be  veiy  expensive.  Caustic 
potash  is  obtained  in  manu&ctures  by  decomposing  carbonate  of  potash 
by  hydrate  of  lime. 

Hydrate  of  Garbonate  of  Carbonate  of  CansUc 

lime.  potaasium.  lime.  potaeh. 

Milk  of  lime  is  poured  into  a  boiling  dilute  solution  of  carbonate  of 
potassium.  When  the  quantity  of  lime  added  is  sufficient  for  the 
double  decomposition  to  be  complete  (which  is  known  when  a  small 
quantity  of  the  filtered  liquor  no  longer  effervesces  with  acids),  it  is 
left  to  settle :  the  carbonate  of  lime  is  deposited,  and  the  solution  of 
potash  has  then  only  to  be  decanted  and  evaporated.  The  evaporation 
should  be  effected  in  a  silver  pan.  When  all  the  water  is  evaporated 
the  solid  mass  is  melted,  and  poured  into  moulds. 

As  neither  the  carbonate  of  potassium  nor  the  lime  used  is  pure,  the 
potash  contains  numerous  impurities ;  in  order  to  purify  it,  the  potash 
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of  Gommeroe  is  dissolved  in  alcohol  and  the  solution  evaporated. 
The  impurities  remain  dissolved  in  the  water  which  the  alcohol  con- 
tained, and  form  a  layer,  which  cannot  mix  with  the  alcohol  satu- 
rated with  potash,  and  which  therefore  can  be  easily  separated 
from  it. 

By  means  of  hydrate  of  potash  a  great  number  of  oxygenized 
salts  can  be  formed :  those  we  will  mention  are  the  carbonates,  the 
nitrate,  chlorate,  hypochlorite,  and  sulphates  of  potassium. 

/CO")      \ 
Neutral  Garbonate  of  Potassium  I   ^t  [  0'  j. — This  salt  is  extracted 

by  lixiviating  the  ashes  of  vegetables.  It  may  be  prepared  artificially 
from  the  salphate  of  potassium  contained  in  sea  water,  by  the 
same  process  as  that  used  to  prepare  carbonate  of  sodium ;  but  up  to 
the  present  time,  in  spite  of  the  advantages  of  such  a  proceeding, 
sulphate  of  potassium  has  not  been  extracted  from  sea  water. 

For  laboratory  purposes,  in  order  to  obtain  pure  carbonate  of  potas- 
sium, the  bitartrate  (which  is  easily  obtained  pure  by  crystallization) 
is  calcined.  This  salt,  which  is  of  an  organic  nature,  decomposes  and 
leaves  a  residue  of  carbonate  of  potassium  and  carbon  (black  flux),  the 
same  as  is  used  in  the  preparation  of  potassium.  The  black  flux 
is  treated  by  water,  the  potassic  carbonate  it  contains  is  dissolved,  the 
solution  is  filtered  to  separate  the  carbon,  and  evaporated  to  dryness. 
Instead  of  the  bitartrate,  the  binoxalate  of  potassium  may  be  used ;  the 
residue  is  then  pure  carbonate  of  potassium,  with  no  traces  of  char- 
coal. 

Garbonate  of  potassium  is  a  white  salt,  very  soluble  in  water,  and 
deliquescent  Its  reaction  on  test  paper  is  alkidine.  All  acids  decom- 
pose it  with  effervescence ;  carbonic  anhydride  is  disengaged,  and  a 
new  salt  of  potassium  is  formed. 


(CK'O*)    +    (SH'OO     = 

=     (SK'O*)     +     (H'O)     +     (COO 

Cu-banie  of                 Snlphnrto 

Sulphate  of                  Water.                 Ourfoonlc 

potasBlain.                       add. 

potaatlanL                                             anhydride. 

We  have  seen  that  when  a  dilute  solution  of  this  salt  is  boiled  with 
hydrate  of  calcium,  double  decomposition  takes  place,  and  carbonate 
of  lime  and  caustic  potash  are  formed.  If  the  solution  were  concen- 
trated, this  reaction  would  not  be  produced.  In  this  case,  in  fact,  an 
inverse  reaction  takes  place.  Carbonate  of  calcium  boiled  with  a 
highly-concentrated  solution  of  caustic  potash  gives  hydrate  of  lime 
and  carbonate  of  potassium. 

Pfo.)  +   2(1(0)   =   («]o.)  ^   Cg-lo.) 

Carbonate  of  Hydrate  of  Hydrate  of  Carbonate  of 

lime.  potaarinnL  lime.  potavlum. 

Vapour  pf  water  at  a  high  temperature  partially  transforms  the 
carbonate  into  hydrate  of  potassium. 


\ 
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(£?"»•)  +  (IJo)   =    <|)o)  +  (CO.) 

Oarbonateof  Water.  Ganatlc  Gaitonie 

potaflBlam.  potash.  anhydride. 

/CX)"]     \ 

Bicarbonate  of  Fotassiuin  I    E   >  O*  I. — This  salt  is  depoeited  in 


(!}  o"}-™ 


CTystalfl  when  a  current  of  carbonio  anhydride  is  transmitted  through 
a  concentrated  solution  of  neutral  carbonate : 

Oarbonateof  Water.  Carbonto  Bicarbonate  of 

potaBslam.  anhydride.  potasHtnm. 

Bicarbonate  of  potassium  crystallizes  in  right  rhombic  prisms :  100 
parts  of  water  dissolve  23*23  parts  of  it  at  10^  and  26*91  at  20^ 
When  boiled  it  loses  water  and  carbonic  anhydride,  and  is  converted 
into  neutral  carbonate : 


jo.)  =  (H}o)  +(«.)  +  (-irfo.) 


/CO": 

2|   E 
\H 

Bfcarbonatoof  Water.  Carbonio  Neutral  carbonate 


potaaalnm.  anhydride.  of  potassium. 

When  pure  it  does  not  precipitate  magnesium  salts.  It  is  much 
used  in  medicine. 

l^itrate  of  Fotasainm  (    x  [  O  ]. — This  is  a  substance  of  very  great 

importance.     It  is  used  in  the  preparation  of  gunpowder,  and,  besides, 
is  much  employed  in  medicine,  and  in  numerous  chemical  processes. 

This  salt  is  found  on  the  surface  of  the  soil :  in  Peru  there  is  a 
natural  mixture  of  nitrate  of  potassium  and  sand,  from  which  the 
nitrate  is  procured  by  simple  lixiviation.  In  temperate  climates 
nature  produces  less,  but  the  soU  contains  nitrates  of  lime  and  mag- 
nesia. By  lixiviating  the  materials  which  contain  these  nitrates,  and 
precipitating  the  product  by  carbonate  of  potassium,  potassic  nitrate 
is  ohtained,  which  crystallizes  on  evaporating  the  liquor. 

H^Z)  +  (%}  0-)   =   i^}  0-)  +  Kkokc.) 

Nitrate  of  lime.  Ckrhooateof  Carbonate  of  Nitrate  of 

potassium.  Ume.  potaaalnm. 

It  is,  however,  preferable  to  prepare  the  nitrate  of  potassium  by  de- 
composing the  natural  nitrate  of  sodium  procured  from  Peru,  by  chlo- 
ride of  potassium.  For  this  purpose,  equivalent  weights  of  these  two 
salts  are  heated  together  in  a  large  cauldron  containing  water ;  during 
the  boiling,  double  decomposition  takes  place,  and  chloride  of  sodium 
and  nitrate  of  potassium  are  formed. 
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Chloride  of  sodium,  boing  scarcely  more  soluble  in  hot  than  in  cold 
water,  the  greatest  part  of  this  salt  is  deposited  during  the  boiling, 
and  removed;  the  nitrate  of  potassium,  on  the  contrary,  which  is 
much  more  soluble  in  hot  than  in  cold  water,  remains  dissolved.  The 
liquor  is  left  to  cool,  when  it  ceases  to  deposit  chloride  of  sodium, 
and  the  nitrate  of  potassium  crystallizes.  As  this  salt  still  contains 
some  chloride  of  sodium,  it  is  washed  with  a  saturated  solution  of 
nitrate  of  potassium,  which  cannot  dissolve  any  more  of  this  latter 
body,  but  which  takes  up  the  chloride  of  sodium.  In  order  to  obtain 
perfectly  pure  nitrate  of  potassium,  it  must  be  crystallized  several 
times  by  dissolving  it  in  boiling  water,  and  then  allowing  the  liquor 
to  cool. 

Nitrate  of  potassium  crystallizes  in  long  six-sided  prisms,  termi- 
nated by  hexahedral  pyramids,  which  are  always  anhydrous  :  it  melts 
at  350^,  and  does  not  again  crystallize  on  regaining  the  solid  state;  its 
taste  is  first  fresh  and  cooling,  and  then  bitter  and  salt.  It  is  an 
unstable  body,  easily  yields  its  oxygen  to  combustible  substances, 
and  deflagrates  when  thrown  on  burning  coals :  on  mixing  it  with 
powdered  charcoal  and  sulphur,  very  combustible  compounds  are 
produced ;  and,  as  the  products  of  the  combustion  of  sulphur  and 
carbon  are  gaseous,  these  mixtures,  when  ignited  in  a  limited  space, 
give,  by  the  sudden  expansion,  great  power  of  projection.  Such 
mixtures  form  gunpowder.  The  combustible  property  of  nitrate  of 
potassium  is  often  utilized  in  the  laboratory.  Nitrate  of  potassium  is 
insoluble  in  alcohol;  100  parts  of  water  at  0  dissolve  1*25  parts  of 
the  salt;  at  18°  they  dissolve  29  parts,  and  at  100^  250  parts.  The 
saturated  solution  contains  315  of  the  salt  to  100  of  water,  and  boils 
at  116°. 

Nitrate  of  potassium  is  a  very  powerful  diuretic. 

In  commerce  this  salt  is  known  as  saltpetre,  nitre,  and  nitrate 
of  potash. 

Chlorate  of  Potassium  (    jr  [  0  j. — This  salt  may  be  obtained  by 

transmitting  a  current  of  chlorine  through  a  concentrated  solution  of 
caustic  potash ;  three  molecules  of  chlorine  and  six  molecules  of  potash 
enter  into  reaction ;  and  there  are  formed  three  molecules  of  water,  five 
molecules  of  chloride  of  potassium,  and  one  molecule  of  chlorate. 


K§|) +  «(!}")- 3®  o)  +  =(&})  +  (T!o) 


Chlorine.  Caustic  Water.  Chloride  Chlorate  of 

polasb.  of  potaaslom.  potasaiiun. 

Fotassic  chlorate  being  much  le&s  soluble  in  water  than  the  chloride, 
crystallizes  first,  and  it  is  perfectly  purified  by  successive  crystalliza- 
tions. 

It  may  also  be  prepared  by  transmitting  chlorine  into  milk  of 
lime,  adding  chloride  of  potassium  to  the  liquor,  boiling  for  some  time. 
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and  then  allowing  it  to  oool.     The  chlorate  of  potaesinm  is  deposited 
in  crystals. 

In  this  reaction,  the  chlorine  acting  on  the  lime,  first  gives  chloride 
of  lime  (CaOCl^) ;  this  body  on  boiling  gives  chlorate  of  calcium, 
which  enters  into  double  decomposition  with  the  potassic  chloride. 

ut      e(c.»jOg)    =    e(«.|g)   +  (c."{8;§8:) 

Chloride  of  Chloride  of  Chlorate  of  caldnxn. 

lime.  calcium. 

CbloTBte  of  calcium.  Chloride  of  Chloride  of  Chlorate  of 

potaasiam.  calcium.  potaasiniD. 

The  chlorate  of  potassium  foimed  is  deposited  from  the  solution 
on  cooling. 

Chlorate  of  potassium  crystallizes  in  transparent  anhydrous  hex- 
agonal laminaa ;  it  is  insoluble  in  alcohol ;  100  parts  of  water  dissolve 
6-03  at  15°,  and  60-24  at  the  boiling  temperature.  It  melts  at  400°. 
At  a  still  higher  temperature  it  disengages  oxygen,  and  perchlorate 
and  chloride  of  potassium  are  formed. 

KT}o)  -  (T)o)  ^  (&)  +  SI 

Chlorate  of  Perchlorate  Chloride  Oxygen, 

potatwinm,  of  potaasiam.  of  potassium. 

If  still  greater  heat  be  applied,  the  perchlorate  of  potassium  decom- 
poses in  its  turn  ;  aU  the  oxygen  is  disengaged,  and  there  remains  only 
chloride  of  potassium. 

(T}o)  =  &])  .  <8|) 

Perchlorate  Chloride  of  Oxygen, 

ofpotassinm.  potasdnm. 

The  ease  with  which  the  potassic  chlorate  parts  with  its  oxygen 
makes  it  very  combustible ;  it  fuses  on  glowing  charcoal,  and  forms 
with  combustible  substances  detonating  mixtures.  On  mixing  sulphur 
and  chlorate  of  potassium,  pounded  separately,  a  powder  is  obtained, 
which  detonates  when  struck  with  a  hammer. 

A  mixture  of  chlorate  of  potassium,  sulphur,  and  lycopodium  (very 
inflammable  pulverulent  organic  matter),  takes  fire  when  a  drop  of 
sulphuric  acid  is  added. 

HsrpochloTlte  of  Fotassium  (CIKO). — When,  instead  of  directing  a 
current  of  chlorine  through  a  concentrated  solution  of  hydrate  of 
potassium,  it  is  directed  through  a  dilute  solution  of  the  same  body, 
the  reaction  no  longer  takes  place  between  three  molecules  of  chlorine, 
and  six  of  hydrate  of  potassium,  but  between  one  molecule  of  chlorine 
and  two  of  potash;  thus  a  mixture  of  potassic  chloride  and  hypo- 
chlorite is  formed. 


g)  +  ^d}")  ■ 

=  (S))  +  (^( ») 

Cblorine.                   Oanstio 

Chloride                Hypochlorite 

potaab. 

of  potaaBinm.            of  potAmlnm. 
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Water. 

These  two  salts  cannot  be  separated  from  each  other. 

The  liquor  which  holds  in  solution  this  mixture  of  hypochlorite  and 
chloride  of  potassium  is  known  in  the  arts  as  Javelle  water,  or  solution 
of  chloride  of  potassium. 

Under  the  influence  of  the  weakest  acids,  even  of  carbonic  anhydride, 
it  parts  with  the  whole  of  its  chlorine ;  and  is»  therefore,  employed  as  a 
disinfectant  and  for  bleaching. 

(S))  +  (^}o)  +  mo*)   = 

Chloride  of  Fbtanic  Sulphuric  add. 

potaasiuiii.         hypochlorite. 

V ^^ ' 

Chloride  of  potash. 

(^]0.)    +    (H.,)    +    g) 

Sulphate  of  Water.  Chlorine, 

potaflslum. 

(SO*" )  \ 
^,  >  0' j. — This  salt  may  be  ex- 
tracted from  sea-water,  but  this  method  is  not  generally  used ;  it  is 
prepared  artificially  by  treating  carbonate  of  potassium  with  sulphuric 
acid :  the  sulphate  of  potassium  crystallizes  in  anhydrous  six-sided 
prisms  terminating  in  hexahedral  pyramids ;  at  a  high  temperature  it 
melts  without  decomposing  ;  100  parts  of  water  dissolve  10*5  at  12**, 
7  at  26°,  and  3  at  100° ;  it  is  quite  insoluble  in  alcohol. 

BlBulphate  of  FotaBSium  (SO*"  <Qg  \ — This  salt  may  be  prepared 

by  heating  the  neutral  sulphate  with  half  its  weight  of  normal  sul- 
phuric acid ;  cus  soon  as  the  fumes  of  the  sulphuric  acid  cease,  it  is  allowed 
to  cool,  and  the  residue  is  dissolved  in  water.  When  this  liquid  is 
evaporated,  colourless  prismatic  crystals  of  the  bisulphato  of  potas- 
sium (sO*"JQ5)form. 


Klol)  +  KIP  = 

=   ^(^'{m 

Neutral  sulphate                   Sulphuric  add. 
of  potassium. 

Bisulphate  of 
potassium. 

As  the  bisulphate  of  potassium  only  decomposes  at  600°,  it  is  used 
in  analyses  for  the  purpose  of  acting  on  certain  minerals  which  escape 
the  action  of  sulphuric  acid,  on  account  of  its  boiling  point  being  much 
lower  (325°). 

Bisulphate  of  potassium  loses  water  by  heat,  and  is  transformed  into 
disulphate,  which,  heated  still  more,  leaves  sulphuric  anhydride,  and 
returns  to  the  state  of  neutral  sulphate. 


1st. 
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K-i8i)  =  (i}o) .  (^:p 
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Bisnlpbate  of 
of  potassium. 


Water. 


Disulphate  of 
potaflsiam. 


2nd. 


(so-jg|)  +  (so«",o) 


rPbtaasIc 
disulphate. 


Neutral  sulphate 
.  of  potassium. 


Sulphuric 
anhydride. 


Monosulphide  of  Fotassiiun  (K'S). — The  monosulpliide  of  potas- 
sium is  obtained  by  dividing  a  solution  of  hydrate  of  potassium  into 
two  equal  parts,  supersaturating  one  part  by  hydrosulphurio  aoid,  and 
then  adding  the  other  portion  of  the  solution ;  hydrosulphide  of  potas- 
sium is  produced,  which  on  contact  with  the  hydrate  of  the  same 
metal,  gives  water  and  monosulphide. 


Ist 


2nd. 


(i  1°) 

Hydrate  of 
potasBlnm. 

Hydrate  of 
potassium. 


Hydrosulphurio 
acid. 


Hydrosulpbate 
ofpotaasinm. 


Water. 


Hydrosulpbate 
of  potassium. 


Sulphide  of 
potassium. 


Water. 


The  monosulphide  of  potassium  is  to  the  corresponding  hydrosul- 
phide, what  the  oxide  of  potassium  is  to  caustic  potash. 

(K«0)  (KHO) 

Oxide  of  potassium.  Hydrate  of  potassium. 

(K'S)  (KHS) 

Sulphide  of  potassium.  Hydrosulphide  of  potassium. 

The  hydrosulphide  of  potassium  being  a  powerful  sulpho-base,  the 
monosulphide  of  this  metal  is  a  basic  anhydrosulphide. 

Characteristios  of  Fotassio  Salts. — These  salts  are  recognized  by 
the  following  characters. 

1st.  Alkaline  carbonates  do  not  precipitate  them. 

2nd.  In  presence  of  tartaric  acid,  their  solutions  give  a  bitartrate 
which  is  slightly  soluble  in  cold  water,  and  which  precipitates  when 
the  liquid  is  shaken. 

3rd.  HydroflnoBilicic  and  perchloric  acids  precipitate  them ;  the  preci- 
pitate formed  by  the  former  is  gelatinous  and  assumes  a  beautiful  white 
colour  when  dried  in  free  air. 

4th.  The  bichloride  of  platinum  causes  the  formation  of  a  yellow 
precipitate  of  double  chloride  of  platinum  and  potassiimi.  If  the 
solution  be  greatly  diluted,  a  little  alcohol  must  be  added  for  the  pre- 
cipitate to  form.  This  double  chloride  decomposes  when  heated  into 
chloride  of  potassium  and  spongy  metallic  platinum. 

6th.  Sulphate  of  potassium  is  anhydrous,  and  remains  unchanged 

in  the  air,  and  the  carbonate  is  deliquescent. 

p2 
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SODIUM  ^l 


} 


Atomic  weight  =  23.    Probable  molecnlar  veigbt  =  46. 

Sodium  80  mucli  resembles  potassium  that  to  give  the  histery  of  one 
is  almost  to  give  that  of  the  other.  The  affinities  are  of  the  same 
nature,  except  that  those  of  sodium  are  a  little  weaker.  Like  potas- 
sium, it  decomposes  water  at  the  ordinary  temperature ;  but  the  eleva- 
tion of  temperature  produced  being  less,  the  hydrogen  does  not 
ignite  unless  the  water  have  gum  added  to  it,  so  that  the  metal, 
being  no  longer  able  to  move  on  its  surface,  does  not  lose  its  heat  so 
quickly. 

In  physical  properties  also  they  much  resemble  each  other.  Sodium 
melts  at  90^,  has  a  density  equal  to  0*972,  and  is  soft  at  the  ordinary 
temperature. 

The  preparation  ^s  the  same,  with  the  slight  difference  that  the 
mixture  of  carbonate  of  sodium  and  carbon  need  not  be  so  intimate  as 
that  of  the  carbonate  of  potassium  and  carbon.  It  may  be  prepared 
directly  by  mixing  the  two  bodies  after  they  have  been  pulverized. 

Sodium  also  combines-  with  biatomic  metalloids :  with  sulphur  it 
gives  tie  same  compounds  aa  potaBsium ;  with  oxygen,  like  this  latter 
metal,  it  gives  a  protoxide  (Na*0)  and  a  binoxide  (Na'O*) ;  the  tetr- 
oxide  (Na'O*)  which  would  correspond  to  the  tetroxide  of  potassium 
has  not  yet  been  obtained. 

A  basic  hydrnte  and  numerous  salts  correspond  to  the  protoxide  of 
sodium  as  in  the  case  of  potassium. 

Of  all  the  sodic  compounds,  the  only  ones  which  require  our  atten- 
tion are :  the  chloride,  hydrate,  neutral  sulphate  and  acid  sulphate, 
neutral  carbonate,  bicarbonate  and  sesquicarbonate,  the  nitrate,  borate, 
and  hypochlorite. 

Chloride  of  Sodium  (Common  Salt)  (NaCl). — This  body  can  be  pre- 
pared artificially  by  saturating  the  hydrate  or  carbonate  of  sodium  by 
hydrochloric  acid,  or  by  submitting  sodium  to  the  action  of  hydro- 
chloric acid  or  chlorine.  But  this  is  unnecessary;  the  chloride  of 
sodium  exists  in  nature  in  such  very  great  abundance  that,  so  far  from 
its  being  produced  artificially,  it  is  the  primitive  substance  from  which 
all  the  compounds  of  sodium  are  obtained. 

Chloride  of  sodium  crystallizes  in  cubes  which  are  grouped  in  small 
pyramids  hollow  in  the  interior.  Its  crystals  do  not  contain  any 
water  of  crystallization ;  when  exposed  to  heat  they  decrepitate  and 
then  melt,  and  are  reduced  to  vapour  if  the  temperature  be  sufficiently 
elevated. 

The  density  of  chloride  of  sodium  is  2*1 3.  One  part  of  this  body 
requires  279  of  water  at  18°  to  dissolve  it,  and  2*45  at  the  boiling 
temperature.    Its  solubility  is  therefore  hardly  greater  in  hot  than  in 
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cold  water.   At  — 12°  a  concentrated  solution  deposits  prismatic  crystals 
containing  two  molecules  of  water  whose  foimula  is  (NaCl  +  2  aq.). 

Pure  chloride  of  sodium  is  not  deliquescent  unless  the  hygrometer 
marks  more  than  86°,  but  the  presence  of  chloride  of  magnesium  gived 
it  the  property  of  attracting  the  moisture  of  the  air  much  below  this 
hygrometrio  degree.  It  is  used  for  food  under  the  name  of  sea  or 
kitchen  salt. 

Extraction  of  Chloride  of  Sodium. — Chloride  of  sodium  exists  in 
salt  water  and  in  some  salt  springs,  and  besides  there  are  considerable 
deposits  in  the  earth  known  as  rock  salt  mines,  llie  best  known  are 
those  of  Wielitzka  in  Poland  and  Cardona  in  Spain,  but  there  are 
other  important  beds  in  Sicily  and  in  the  republic  of  New  Granada. 
When  rock  salt  is  pure,  it  is  extracted  by  shafts  and  galleries  like 
other  minerals,  and  it  is  then  pulverized  and  made  fit  for  sale.  When 
it  18  impure,  it  is  dissolved  in  the  mine  by  means  of  fresh  water,  and 
then  purified  by  crystallization.  Whatever  may  be  the  processes  used 
to  bring  the  f^esh  water  into  the  mine,  and  to  remove  the  salt  water, 
this  latter  must  be  concentrated  for  the  salt  to  crystallize ;  this  con- 
centration takes  place  in  pans  disposed  so  that  they  lose  as  little  heat 
as  possible.  During  the  concentration,  the  salt  is  deposited  in  small 
crystals ;  in  order  to  obtain  it  still  purer,  the  crystallization  is  disturbed 
by  stirring  the  liquid  with  a  small  rod,  which  at  the  same  time  serves 
to  extract  the  salt  already'  deposited.  After  some  time,  the  pans  become 
covered  with  a  layer  of  double  sulphate  of  potassium  and  lime,  which 
compels  the  work  to  be  stopped  for  its  removal,  because  as  soon  as  a 
rather  thick  layer  is  formed  it  prevents  the  transmission  of  heat.  Sea 
water  from  which  the  salt  is  deposited  contains  the  chlorides  of  cal- 
cium and  magnesium. 

When  the  salt  is  extracted  from  salt  springs,  the  water  must  first  bo 
concentrated  ;  it  would  be  too  poor,  and  require  too  much  fuel  for  its 
concentration  by  heat  to  be  profitable.  This  concentration  is  effected 
by  means  of  what  are  called  graduation  buildings. 

These  buildings  (fig.  33,  p.  214)  are  only  a  kind  of  wall  formed  of 
bundles  of  faggots  held  together  by  wooden  frames.  The  whole  is  covered 
with  a  shed.  They  are  placed  on  clayed  soil  sun-ounded  by  stones, 
forming  a  large  basin.  Their  direction  is  such  that  they  are  ex- 
posed at  right  angles  to  the  wind  ordinarily  prevailing  in  the 
countiy. 

A  trench  which  surrounds  the  top  of  each  wall  allows  the  water 
pumped  up  to  flow  by  side  openings  on  to  the  bundles  of  faggots. 
This  water  descends  into  the  lower  basin,  and  in  passing  through 
these  bundles  presents  a  large  surface  for  evaporation.  After  having 
being  transmitted  thus  through  five  or  six  successive  buildings,  the 
water  is  generally  rich  enough  to  be  concentrated  in  the  pans. 

This  concentration  is  made  in  the  manner  described  when  speaking 
of  rock  salt.  Nevertheless,  as  here  the  waters  are  less  pure,  the  work 
is  divided  into  two  operations. 
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In  the  first  (BcUotage)  the  liqnicl  is  boiled  briskly,  which  produces  the 
separation  of  a  double  sulphate  of  sodium  and  calcium  (schlot),  which 
is  taken  away  as  it  forme.  When  the  chloride  of  sodium  commences 
to  deposit,  the  temperature  is  lowered  to  prevent  the  sulphate  of 
magnesia  crystallizing  at  the  same  time.  As  the  concentration  pro- 
ceeds, the  mother  liquors  beoomo  charged  with  different  salts,  till  at 
last  the  salt  which  deposits  is  impure,  when  the  mother  liquor  is 
thrown  away  and  the  operation  is  Tecommenced. 


This  procees  may  be  improved  by  adding  a  certain  quantity  of  lime, 
at  the  commencement,  to  the  liquors.  Calcium  takes  the  place  of 
magnesium,  which  abounds  in  these  waters  in  the  state  of  chloride  and 
sulphate,  and  magnesio  hydrate  preoipitates.  The  calcium  passes  to 
the  state  of  chloride  and  sulphate  ;  sulphate  of  sodium  is  also  present, 
with  which  the  chloride  of  calcium  euters  into  double  decomposition, 
the  products  being  chloride  of  sodium  and  sulphate  of  lime. 

A  double  sulphate  of  sodium  and  lime  (schlot)  is  deposited  during 
the  schlot^e,  and  when  the  formation  of  salt  is  commenced,  the  liquors 
are  freed  from  the  salts  of  magnesia,  whicli  would  interfere  with  the 
operation. 

The  chloride  of  sodinm  may  also  be  extracted  from  sea  water. 

At  high  tide  the  water  is  brought  into  a  large  basin  of  800  to  1000 
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square  metres  of  surfaoe,  and  of  60  oentimetres  to  2  metres  in  depth. 
It  is  allowed  to  remain  in  the  basin  until  it  gets  heated  and  deposits  the 
impurities  held  in  suspension. 

The  water  is  then  brought  by  a  subterranean  canal  into  a  series  of 
basins  whose  depth  is  from  25  to  45  centimetres,  and  the  superficial 
area  about  400  square  metres.  These  basins  communicate  with  each 
other  by  small  openings,  and  as  th^  inclination  is  very  slight,  the 
water  only  runs  through  them  extremely  slowly. 

After  leaving  this  first  series  of  basins,  the  water  passes  by  a  trench 
into  a  second  series  of  only  eight  basins,  the  surface  of  which  is 
less  extended  than  that  of  the  preceding  series. 

After  passing  this  second  series,  the  water  goes  into  a  third  formed 
of  four  basins,  the  surface  of  which  is  as  extended  as  that  of  the  preced- 
ing eight  Here  the  water  is  sufficiently  concentrated ;  small  trenches  at 
the  sides  allow  it  to  pass  into  spaces  placed  to  the  right  and  left  where 
the  salt  is  deposited. 

This  salt  is  placed  in  a  heap  formed  like  a  truncated  cone,  sur- 
mounted by  a  spherical  top.  This  heap  is  covered  with  clay  to  pre- 
serve it  from  the  rain,  while  the  mass  is  maintained  in  a  sufficient  state 
of  humidity  to  cause  the  deliquescent  salts,  as  chloride  of  magnesium, 
to  liquefy  and  run  into  the  trenches  situated  at  the  lower  part  of  the 
heap.'  The  chloride  of  sodium  thus  obtained  is  in  small  greyish 
crystals.  In  order  to  purify  it  and  render  it  white,  it  must  be  washed 
with  water  saturated  with  sea  salt,  which  dissolves  its  impurities  only. 

The  mother  liquors  from  which  sea  salt  is  extracted  also  contain 
other  salts.  M.  Balard  has  shown  that  sulphate  of  potassium  may 
also  be  extracted,  but  the  limits  of  this  work  do  not  permit  us  to 
describe  his  process.  The  extraction  of  sulphate  of  potassium  from 
the  mother  liquors  of  saline  springs  is  extensively  carried  on  in 
France. 

l^eutpal  Sulphate  of  Sodium  (Qlauber's  Salts)  fsG"'  |  QNa)'""'''^® 

salt  is  prepared  by  heating  chloride  of  sodium  with  sulphuric  acid ; 
hydrochloric  acid  is  also  produced  in  this  reaction. 

Chlorido  Sulpharic  add.  Sulphate  of  Hydrochloric 

ofsudiom.  sodium.  add. 

Sulphate  of  sodium  is  insoluble  in  alcohol ;  100  parts  of  water 
dissolve  50*65  at  32^,  and  do  not  dissolve  more  than  42*65  at  103°. 
Its  solubility  increases  from  0'^  to  33°,  and  decreases  from  33°  as  the 
temperature  rises ;  we  have  already  seen  {see  Solubility)  how  this 
curious  fact  may  be  explained. 

We  can  very  easily  obtain  a  highly-supersaturated  solution  of  this 
salt. 

Sulphate  oi  sodium  is  deposited  from  its  aqueous  solution  in  large 
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four-sided  prisms,  terminated  by  dihedral  sammits.    These  crystals 
contain  ten  molecules  of  water  of  crystallization,  their  formula  is 


(so."  {0^:+  10  a,.) 


It  may  also  be  obtained  ciystallized  with  different  quantities  of 
water,  by  varying  the  temperature  at  which  it  is  deposited  from  its 
solution. 

Sulphate  of  sodium  effloresces  in  the  air,  giving  off  water :  when 
heated  it  undergoes,  first,  aqueous  fusion ;  then  its  water  of  crystallr- 
zation  evaporating,  the  salt  again  becomes  solid.  At  a  much  higher 
temperature  it  undergoes  igneous  fusion. 

Sulphate  of  sodium  is  employed  in  medicine  as  a  purgative ;  in 
manufactures  it  is  used  for  the  preparation  of  carbonate  of  sodium. 

Blsulphate  of  Sodium  (SO"'!^^  4-   2  aq.\— This  salt  is  prepared 

by  means  of  neutral  sulphate  of  sodium,  like  the  bisulphate  of  potai^sium, 
from  the  neutral  sulphate  of  that  metal.  Its  properties  are  the  same 
as  those  of  bisulphate  of  potassium. 

l^eutral  Carlwnate  of  Sodium  (CO"  <qj^*J. — Carbonate  of  sodium, 

which  is  the  foundation  of  a  great  number  of  sodic  compounds,  was  for- 
merly extracted  from  the  ashes  of  vegetables  that  grow  on  the  sea-coast. 
At  the  present  time  it  is  prepared  by  means  of  the  sulphate  which  is 
obtained,  as  we  have  just  seen,  by  means  of  the  chloride  of  sodium. 
In  order  to  transform  the  sulphate  into  carbonate  of  sodium,  the  first 
of  these  salts  is  heated  in  oval  furnaces,  after  having  been  intimately 
mixed  with  carbonate  of  lime  and  coal.  Sulphide  of  sodium  is  formed 
by  the  reaction  of  the  carbon  of  the  coal  on  the  sulphate  of  sodium. 

(sO."{gNa)    +    2C     =     2  (CO.)    +    (g^fs) 

Sulphate  df  aodiom.  Cftrboo.  Carbonic  tiolphideof 

uibydride,  sodium. 

The  sulphide  of  sodium  then  reacts  on  the  carbonate  of  lime,  and 
gives  a  mixture  of  carbonate  of  sodium  and  sulphide  of  calcium,  the 
latter  of  which  is  very  slightly  soluble  in  water. 


(S)«)  +  (^:|»-)  = 

=  Pjo-)  +  M 

Salphide  of                    Carbonate  of 
•odiam,                         .  lime. 

Carbonate  of                    Salphide 
•odium.                      of  caldmn. 

Water  is  used  to  dissolve  the  carbonate  of  sodium,  and  separate  it 
from  the  sulphide  of  calcium ;  the  water  is  evaporated,  and  the  alka- 
line salt  is  crystallized.  According  to  M.  Scheurer-Kestner,  who  has 
recently  studied  this  question,  the  definite  equation  of  the  formation  of 
carbonate  of  sodium  would  be  the  following : — 
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let.        5fNa«SO0     +     IOC     =     5(Na»S)     +     10(CO«) 

Salphateof  Garboo.  Sulphide  of  Carbonio 

■odium.  aodlam.  anhydride. 

2nd.     6(Na«S)     +     7(CaC0»)     =     6(Na«C0»)     +     6(CaS) 

Sulphide  Carbonate  Caxtooateof  Sulphide 

of  wodinin.  ofcalduzn.  Bodinm.  ofcalciuin. 

+     2(CaO)     4-     2(00*) 

Lime.  Carbonic 

anhydride. 

The  process  we  have  just  described  is  known  as  Leblanc's. 

The  carbonate  of  sodium  thus  furnished  is  not  pure :  in  order  to  render 

it  so  a  concentrated  solution  is  made,  which  is  submitted  to  the  action 

of  a  current  of  carbonic  gas.     The  impurities  remain  dissolved,  and 

the  greater  part  of  the  alkaline  salt  is  deposited  in  the  state  of  very 

pure  bicarbonate,  answering  to  the  formula  (CO"\qtt*),  which  is  pro- 
duced by  a  reaction  analogous  to  that  described  when  speaking  of 
bicarbonate  of  potassium. 

Bicarbonate  of  sodium  when  gently  heated  loses  carbonic  anhydride 
and  water,  and  leaves  a  residue  of  veiy  pure  neutral  carbonate,  as  the 
following  equation  shows : — 

Bicarbonate  of  Water.  Oarbonio  Carbonate  of 

Bodium.  anhydride.  sodium. 

Carbonate  of  sodium  is  insoluble  in  alcohol ;  100  parts  of  water  at 
10°  dissolve  12-1  of  the  salt;  61-7  at  38°,  and  46-5  at  104°.  The 
solubility  of  this  salt,  like  that  of  sulphate  of  sodium,  augments  first, 
and  decreases  afterwards  as  the  temperature  is  raised.* 

Carbonate  of  sodium,  crystallized  at  the  ordinary  temperature 
contains   10   molecules  of   water  of  crystallization;  its  fonnula  is 

J  CO"  ij^w*  4"  10  aq.  j.  It  is  efflorescent,  and  when  heated,  first  un- 
dergoes aqueous,  and  afterwards  igneous  fusion. 

Bioarbonate  of  Sodium  (  CO"  <  qu  )• — ^We  have  seen  how  this  salt  is 

prepared;  it  exists  naturally  in  the  Vichy  waters,  and  is  used  in 
medicine. 

Sesquicarbonate  of  Sodiuxo. — Certain  lakes  in  Hungary  and  Ame- 
rica contain  a  carbonate  of  sodium  known  under  the  name  of  fuUran  or 
salt  of  trona,  and  which  has  for  formula 

Hydrate  of  Bodium  (^  |     \— Hydrate  of  sodium  is  prepared  by 

means  of  the  carbonate,  like  hydrate  of  potassium.    It  is  a  powerful 
*  These  nuinberB  are  applied  to  the  carbonaieB  supposed  to  be  anhydrous. 
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base,  having  the  same  properties  and  the  same  uses  as  hydrate  of 
potassium. 

19'ltrate  of  Sodium  (  -m    [  0). — Nitrate  of  sodium  (cubic  nitre)  is 

formed  in  considerable  beds  in  Peru.  It  crystallizes  in  transparent 
rhombohedral  prisms ;  it  has  a  cooling  saline  taste,  and  is  somewhat 
deliquescent,  which  prevents  it  being  powdered ;  100  parts  of  water 
dissolve  23  p.  at  10°,  and  218*5  at  119° ;  it  is  soluble  in  alcohol,  and  its 
properties  are  similar  to  those  of  nitrate  of  potassium. 
It  is  used  in  the  manufacture  of  saltpetre  and  nitric  acid. 

\ 


B"' 


Borate  of  Sodium 


\ 


B 
B 


ONa 

0 

ONa 


]0" 


>►   +  10  aq. 


=  (B*Na»(F+10aq.) 


/ 


Formerly  the  borax  used  in  Europe  was  procured  from  the  evapora- 
tion of  the  water  of  certain  lakes  in  Asia.  It  was  known  as  tincal, 
corresponded  to  the  above  formula,  and  was  presented  under  the  foim 
of  prisms. 

Borax  is  now  prepared  artificially,  when  it  only  contains  five  mole- 
cules of  water  of  crystallization,  and  ciystallizes  in  octahedra. 

Melted  borax  dissolves  metallic  oxides,  and  its  viscidity  causing  it  to 
act  as  a  varnish,  it  preserves  substances  with  which  it  is  heated  at  a 
high  temperature,  from  oxidation.  It  is  owing  to  this  that  borax  pre- 
serves the  sur&ce  of  metals  very  bright,  and  thus  rondel's  easy  the 
soldering  of  iron  with  copper,  and  gold  with  certain  alloys. 

Boiax  is  also  used  in  testing  by  the  blowpipe  ;  on  dissolving  metallio 
oxides,  it  assumes  certain  characteristic  colours. 

The  crude  borax  or  tincal  may  be  obtained  by  repeated  crystalliza- 
tions.    The  following  is  the  mode  used  to  prepare  artificial  borax  : 

In  a  wooden  vat  lined  with  lead,  and  heated  by  steam,  1200  kilo- 
grammes of  crystallized  carbonate  of  sodium  are  dissolved  in  a  quantity 
of  water,  which,  added  to  that  arising  from  the  condensation  of  the 
vapour,  has  a  weight  of  about  2000  kilogrammes.  When  the  solution 
is  completed,  1000  kilogrammes  of  the  boracic  acid  of  Tuscany  are 
gradually  added.  A  strong  effervescence  takes  place,  carbonic  anhy- 
dride is  disengaged,  and  borate  of  sodium  is  formed. 


(co"{8S)  +  *(«'"{ 


0H\ 
OH) 
OH/ 


!'>'■  18" 

B"'  \  ONa 
■^ONa 
}0" 
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B'" 
B'" 


)■ 


+  (C0')  +  6(2}0) 


; 


Carbonate  of 
Bodium. 


Bomcic  acid. 


Borate  or  sodiam. 


Carbonic 
anhydride. 


Water. 
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When  the  liquid  marks  21°  by  Baum^'s  areometer,  the  saturation  is 
regarded  as  complete  ;  it  is  left  to  deposit  during  twenty-four  hours ; 
then  by  means  of  a  low  tap  the  clear  liquid  is  drawn  into  shallow 
leaden  tubs,  where  crystallization  soon  takes  place :  the]  slower  the 
crystallization,  the  more  voluminous  are  the  crystals.  They  are  in  the 
form  of  prisms,  and  contain  ten  molecules  of  water  of  crystallization : 
this  large  quantity  of  water  which  the  prismatic  ciystals  of  borax 
contain  makes  its  carriage  expensive,  therefore  octahedral  borax  is 
preferred,  as  containing  only  half  the  quantity  of  water.  In  order 
to  obtain  bomx  in  octahedra,  a  solution  of  the  salt  is  made,  mark- 
ing 30°  or  32°  by  Baum^'s  areometer,  and  left  to  crystallize  at  a 
temperature  of  from  56°  to  79°. 

Borax  has  been  improperly  called  borate  of  soda ;  it  is  really  not  a 
simple  borate,  but  the  disodic  salt  of  the  second  anhydride  of  a  tetra- 
boracic  acid. 


B' 


B 


B 


"I 


B 


tn 


OH 

OH 

O 

OH 

O 

OH 

]0H 
^OH 


■  -  KS!»)  - 


B"' 
B'" 


SO" 

!&••'{  OH 
B'"  ]  0 


> 


Tetniboracic  acid 
^ntiknown). 


Water. 


2nd  tetraboraclc 
anhydride  (unknown). 


B 


III 


1 


B 


III 


^O" 

^OH 

\^ 
B"\'OH 

B'"  ]  0" 


2nd  anhydride  of 

tetraboraclc  acid 

(unknown). 


1^        + 


Na 

Na 


1 '  i\ 


B 
B 


III 


B 


in 


B 


III 


SO" 
^ONa 
^ONa 
\0" 


Sodium.  Hydrogen. 


Disodic  lalt 

of  the  2nd  tetraboradc 

anhydride  (borax). 


Hyi>o8iilphite  of  Sodium. — When  we  spoke  of  the  acids  of  sulphur, 
we  saw  that  this  salt  is  obtained  by  boiling  neutral  sulphite  of  sodium 
with  sulphur,  filtering  and  crystallizing.  The  neutral  sulphite  used  for 
this  purpose  may  be  prepared  by  dividing  a  solution  of  caustic  soda 
into  two  parts,  supersaturating  one  part  by  a  current  of  anhydrous 
sulphurous  acid  gas,  and  then  adding  the  other  part. 


1st. 


2ud. 


CaosticaodA. 

(S0"{g|^) 

Acid  sulphite  of 
aodiiun. 


+    (SO*) 

Sulphurous 


pt 
anhydride. 

(h)°) 

Caustic  soda. 


=  (so-jgi') 

Add  sulphite  of 
sodium. 


=  KiSSt)  +  (15}o) 


Neutral  sulphite 
of  sodium. 


Water. 
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The  hyposulphite  of  sodium  crystallizes  in  voluminous  crystals ;  it 
is  bitter,  and  easily  dissolves  in  water,  but  is  insoluble  in  alcohol.  Its 
crystals  contain  water  of  crystallization  :  under  the  influence  of  heat, 
it  first  undergoes  aqueous  fusion,  then  becomes  anhydrous,  and  finally 
is  converted  into  a  mixture  of  sulphate  and  pentasulphide  of  sodium. 

Ks*0"{ggy     =     (Na'S')      +     3(sO-{gg-^) 

Hyposolphite  of  Feutasulphide  Sulphate  of  aodium. 

Bodium.  of  sodium. 

When  treated  by  an  acid,  the  hyposulphite  of  sodium  gives  rise  to  a 
disengagement  of  sulphurous  anhydride  and  a  deposit  of  sulphur : 


Hyposulphite  of  sodium. 

Sulphuric  add.                       Sulphate  of  sodium. 

+      2  (sO' j 

+  1}  +  Kh(«) 

Sulphurous 

Sulphur.                    Water. 

anhydride. 

The  solution  of  hyposulphite  of  sodium  dissolves  the  chloride,  bromide, 
and  iodide  of  silver. 

It  is  a  powerful  reducing  agent. 

Hypoohlorite  of  Sodium  (ClNaO). — This  salt  has  not  been  obtained 
in  a  pure  state,  but  a  mixture  of  chloride  of  sodium  and  the  hypo- 
chlorite of  sodium  is  prepared  by  a  similar  process  to  that  used  to 
obtain  Javelle's  water.  This  mixture,  which  is  called  chloride  of  soda, 
or  Labaraque*s  solution,  has  the  same  propeities  and  the  same  uses  as 
Javelle's  water ;  it  is  used  as  a  disinfectant  and  for  bleaching. 

Charaoteristios  of  Sodic  Salts. — Sodic  salts  are  known  by  the 
following  characters : 

1st.  Like  the  salts  of  potash,  their  solutions  are  not  precipitated  by 
alkaline  carbonates. 

2nd.  The  sulphate  ciystallizes  with  water  of  crystallization,  and  is 
efflorescent ;  it  is  the  same  with  the  carbonate. 

3rd.  Bichloride  of  platinum  does  not  precipitate  the  salts  of  soda, 
even  in  presence  of  alcohol,  notwithstanding  Orfila's  assertions  to  the 
contrary,  who  must  have  operated  with  impure  reagents,  or  on  solu- 
tions extremely  concentrated, 

4ih.  The  salts  of  soda  are  not  precipitated  by  tartaric,  perchloric 
or  hydrofluosilicic  acids. 

bih.  lliey  give  a  white  crystalline  precipitate  with  the  bimetan- 
timoniate  of  potassium.  This  reagent  ought  to  be  washed  before 
being  employed,  that  it  may  not  contain  alkali  in  excess,  otherwise 
the  precipitate  will  not  form  for  a  long  time. 

6th.  Periodic  acid  also  gives  a  precipitate  of  periodate  of  sodium 
(INaO*)*,  (Na*0)  with  the  concentrated  solutions  of  salts  of  soda. 
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IiITHIUH,  BXTBIDIUM,  CESIUM. 

These  three  metals  are  of  too  little  importanee  of  themselyes  to  be 
studied  in  a  work  like  this.  We  will  only  say  a  few  words  conoeming 
the  analytic  method  which  caused  MM.  Bunsen  and  Eirchoff  to  suspect 
the  existence  of  the  two  latter,  and  which  guided  them  in  the  opera- 
tions they  devised  to  isolate  these  metals.  This  method  has  received 
the  name  of  spectrum  analysis. 

We  know  that  when  a  luminous  ray  is  decomposed  hy  a  prism,  the 
different  colours  of  the  rainbow  are  obtained.  To  these  colours  united, 
the  name  of  spectrum  is  given.. 

When  a  volatile  metallic  compound,  a  chloride  for  instance,  is  placed 
in  the  flame  of  a  taper,  the  spectrum  of  this  flame  is  transformed,  and 
different  coloured  rays  are  observed.  The  colour  and  the  disposition 
of  the  rays  produced  by  a  metal  being  always  the  same,  the  spectra  of 
the  different  metals  have  been  determined  by  experiments.  Therefore* 
by  examining  the  spectrum  which  a  given  substance  furnishes,  it  is 
possible  to  know  the  metals  it  contains. 

M.  Bunsen  and  M.  Eirchoff  having  found  in  the  spectrum  furnished 
by  the  residue  of  the  evaporation  of  certain  mineral  waters,  rays  which 
do  not  belong  to  any  known  metal,  suspected  the  existence  of  one  or 
two  new  ones,  and  they  were  able  to  isolate  cesium  and  rubidium. 

In  the  experiments  which  they  perfoimed  for  the  separation  of  these 
bodies  the  spectrum  still  served  as  guide.  When  they  submitted  their 
matter  to  reactions  which  divided  the  substances  contained  in  it  into 
different  groups,  the  spectrum  indicated  in  which  of  these  groups  the 
body  sought  for  was  to  be  found. 

Eubidium  and  cesium  have  properties  much  resembling  those  of 
potassium,  but  they  are  more  electro-positive  than  potassium. 


SILVER^} 

Atomic  weight  =  108.*    HolccuUr  weight  =  216. 

Silver  is  found  native,  but  in  too  small  quantity  to  be  sufficient  for  the 
amount  required.     The  metal  is  generally  extracted  from  its  sulphide. 

The  metallurgic  operations  which  this  extraction  necessitates  are 
too  complicated  for  us  to  speak  of  them  in  detail.  Sulphide  of  silver 
is  transformed  into  double  chloride  of  silver  and  sodium,  on  which 
mercury  is  made  to  act.  The  mercury  then  assumes  the  state  of 
chloride,  and  liberates  silver,  with  which  it  forms  an  amalgam,  and 
the  silver  is  extracted  from  this  amalgam  by  distillation.  Sometimes 
the  silver  is  precipitated  from  its  chloride  by  iron,  and  the  mass  is  then 
agitated  with  mercury,  in  order  to  produce  the  amalgamation. 

*  107 '98  according  to  M.  Slaa*  latest  researches. 
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In  the  first  of  these  processes,  which  is  the  American  method,  the 
amalgamation  and  the  reduction  go  on  together,  and  the  operation  is 
conducted  in  the  cold ;  in  the  second,  which  is  practised  at  Freyberg  in 
Germany,  the  amalgamation  and  the  reduction  are  two  separate  opera- 
tions, and  the  chlorination  takes  place  by  the  aid  of  heat 

Silver  appears  to  be  white,  though  it  assumes  a  yellow  colour  when  a 
ray  of  light  is  reflected  several  times  from  its  surface.  It  has  a  remark- 
able lustre,  and,  with  the  exception  of  gold,  is  the  most  malleable  of  all 
metals;  it  is  also  very  ductile  and  has  great  tenacity.  It  fuses  at 
about  1000°  centigrade.  When  slowly  cooled  after  melting,  it  crys- 
tallizes in  large  octahedra.  It  may  be  distilled  by  means  of  the 
oxy hydrogen  blow- pipe ;  its  vapours  assume  a  green  colour. 

The  density  of  silver  is  10 '4743. 

Melted  silver  absorbs  oxygen,  which  is  disengaged  as  the  temperature 
is  lowered.  This  is  a  simple  solution  of  oxygen  in  the  liquid  silver, 
and  not  a  combination  ;  if  the  silver  be  slightly  alloyed  with  gold  or 
copper,  it  loses  this  property. 

Silver  is  naturally  soft,  but  it  acquires  hardness  when  alloyed  with 
copper.  For  this  reason,  it  is  combined  with  small  quantities  of  this 
metal,  in  the  arts,  in  order  to  work  it  with  greater  ease.  The  propor- 
tions of  copper  which  may  be  added  to  silver  are  fixed  by  law.  In 
England,  the  coinage  (standard  silver)  contains  7*5  per  cent,  of 
copper,  in  France  it  contains  10  per  cent. 

Silver  oxidizes  neither  in  cold  nor  hot  air,  but  the  presence  of  ozone 
causes  it  to  oxidize. 

Hydrosulphuric  acid  blackens  silver,  and  in  this  case  a  sulphide  of 
silver  and  hydrogen  are  produced. 

Sllvo*.  Bydrofalpburlc  Hydrogen.  Sulphide  of 

add.  eUver. 

Sulphuric  acid  does  not  act  on  silver  unless  it  be  concentrated  and 
boiling,  when  sulphurous  anhydride  and  sulphate  of  silver  are  pro- 
duced. 

K^\<^)  +  ill  -  {%}'>■)  +  ^(2}»)  +  (^ 

Sulphoilc  add.  SiWer.  Sulphate  of  Water.  Salphuroua 

giiver.  anhydride. 

Nitnc  acid  acts  on  silver  when  cold,  and  still  more  so  when  hot, 
producing  nitrate  of  silver  and  biuoxide  of  nitrogen. 

<%\0)    *    3(i|})     =     H'%l°) 

Nitric  add.  Sllrer.  Nitrate  of  silver. 

+     4(h}o)    +     2  (NO) 

Water.  Binoxidc 

of  nitrogen. 
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At  a  red  beat  silver  decomposes  hydrochlorio  acid,  forming  chloride 
of  silyer,  and  liberating  bydrogen  : 

Silver.  Hydrochloric         Hydrc^^.  Chloride  of 

add.  aUver. 

Tbe  prolonged  contact  of  silver  witb  a  solution  of  cbloride  of  sodium 
gives  rise  to  tbe  formation  of  a  certain  quantity  of  double  cbloride  of 
silver  and  sodium,  wbicb  dissolves,  and  tbe  liquid  becomes  alkdline. 


COMBIJTATIONS  OP   SiLVER   WITH  MoNATOMIC  METALLOIDS. 

Silver  forms  a  single  compound  witb  eacb  of  tbese  bodies.  The 
cbloride,  bromide,  iodide,  and  fluoride  of  silver  are  known. 

Chloride  of  Silver. — ^Cbloride  of  silver  is  found  native  crystallized  in 
octabedra ;  as  it  is  insoluble,  it  may  be  easily  obtained  by  precipi- 
tating tbe  solution  of  a  salt  of  silver  by  hydrocbloric  acid,  or  by  a 
soluble  cbloride. 

a?! «)  -  (s })  -  m  H-  n  0) 

Nitrate  of  Hydrochloric  Chloride  Nitric  acid, 

silver.  add.  of  aUver. 

Tbe  cbloride  of  silver  tben  forms  a  wbite  flooculent  mass. 

Cbloride  of  silver  is  absolutely  insoluble  in  pure  water.  At  10° 
salt  water  dissolves  tbe  i  (^y^  ^  of  tbe  weigbt  of  tbe  salt  it  contains,  at 
18°  tttVot,  at  100°  TTnnro  »^  at  0°  scarcely  any. 

Cbloride  of  silver  easily  dissolves  in  byposulpbite  of  sodium,  in 
cyanide  of  potassium,  and  in  ammonia ;  bydrocbloric  acid  also  dissolves 
it,  but  in  very  small  quantity. 

On  evaporating  its  ammoniacal  or  bydrocbloric  solution,  cbloride  of 
silver  crystallizes  in  octabedra,  wbicb  are  identical  witb  tbe  native 
crystals. 

Tbe  cbemical  rays  of  tbe  spectrum  act  strongly  on  cbloride  of  silver : 
in  tbe  direct  rays  of  tbe  sun  tbis  salt  immediately  becomes  violet ;  in 
diffused  ligbt,  tbe  colouring  is  not  observed  so  soon  ;  in  red  or  yellow 
Hgbts,  wbicb  do  not  contain  tbe  cbemical  rays,  tbe  cbloride  of  silver 
remains  wbite,  as  it  also  does  in  darkness.  It  melts  at  260° ;  on  cool- 
ing it  becomes  bomy,  and  is  so  soft  as  to  be  cut  witb  a  knife :  its  ap- 
pearance causes  it  to  be  called  horn  silver.  At  a  very  bigb  temperatui-e 
it  emits  vapours. 

Nascent  bydrogen  reduces  tbe  cbloride  of  silver  wben  cold,  and  free 
bydrogen  reduces  it  wben  bot ;  in  tbe  latter  case,  bowever,  some  traces 
of  tbe  cbloride  always  escape  tbe  reducing  action,  as  M.  Lieben  bas 
ascertained,  wbicb  causes  all  tbe  analytic  processes  founded  on  tbis 
reduction  to  be  incorrect. 

Wben  it  is  not  melted,  it  is  reduced  by  iron  and  zinc.     If  a  small 
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heap  of  moist  chloride  of  silver  be  made,  and  an  iron  bar  be  placed  in 
the  centre,  the  reduction  gradnally  proceeds  from  the  centre  to  the 
exterior.  Mercury  also  reduces  chloride  of  silver,  and  the  proto- 
chloride  of  copper  possesses  the  same  property. 

(Cu«Cl«)     +     2(AgCl)    =    2(CuCl')     +     ^1 

Protochlorlde  Chloride  of  Bichloride  SUver. 

of  copper.  silver.  of  silver. 

When  chloride  of  silver  is  boiled  with  a  concentrated  solution  of 
potash,  oxide  of  silver  is  formed ;  and  if  sugar  be  added  to  the  solu- 
tion, silver  is  obtained  in  a  very  pure  state. 

Heated  to  a  white  heat  with  carbonate  of  potassium  and  sea  salt, 
the  chloride  of  silver  is  reduced,  and  famishes  a  button  of  metallic 
silver.    The  marine  salt  renders  the  dross  easier  to  be  separated. 

Chloride  of  Csrhonate  of 

silver.  potawium. 

2(C0^     +     g}     +     2(A|^)     ^    4(gi)) 

Geirbonic  Oxygen.  Silver.  Chloride  of 

anhydride.  potassium. 

The  metallic  sulphides,  especially  those  of  the  electro-positive 
metals,  enter  into  double  decomposition  with  chloride  of  silver. 

Bromide  of  Silver  (t>^[  )• — Bromide  of  silver  is  found  in  the  native 

state,  and  may  be  obtained  by  the  same  processes  as  the  chloride,  with 
which  nearly  all  its  properties  are  analogous ;  it  is  distinguished  from  the 
chloride  by  being  less  soluble  in  ammonia,  and  by  the  action  light 
exercises  on  it.  When  prepared  in  an  artificial  light  it  is  white,  but,  if 
exposed  to  difiused  daylight,  it  inmiediately  becomes  yellowish,  and 
retains  this  tint  without  altering,  to  whatever  intensity  of  light  it  may 
afterwards  bo  exposed. 

It  may  be  obtained  crystallized  as  a  solid  with  twenty-four  sides 
derived  from  the  octahedron,  but  only  by  the  action  of  hydrobromic 
acid  on  powdered  silver ;  it  does  not  crystallize  by  the  spontaneous 
evaporation  of  its  solution  in  ammonia. 

Iodide  of  Silver   P  >. — Iodide  of  silver  is  prepared  like  the  chloride 

and  bromide,  and,  like  them,  exists  in  the  native  state  ;  it  is  slightly 
soluble  in  ammonia ;  light  easily  alters  it,  changing  it  from  the  yellowii^ 
tint  which  is  its  natural  colour,  first  to  dark  brown,  then  to  black. 

On  causing  hydriodic  acid  to  act  on  finely- powdered  silver,  iodide  of 
silver  is  obtained  crystallized  in  dodecabedral  prisms. 
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Combinations  op  Silver  with  Biatomic  Metalloids. 

With  sulphur,  siWer  forms  only  one  snlphide,  answering  to  the 
formtila  (Ag*S) ;  it  forms  three  compounds  with  oxygen ;  Sie  sub- 
oxide (Ag*0),  the  protoxide  ( Ag^),  and  the  binoxide  ( Ag*0*) :  of 
these  three,  the  protoxide  alone  possesses  any  importance. 

Sulphide  of  Silver  (  a?  [  S  )• — Sulphide  of  silver  is  found  native, 

crystallized  in  the  cubic  system.  It  is  the  principal  ore  of  silver. 
It  is  obtained  artificially  by  precipitating  a  salt  of  silver  by  hydro- 
sulphnrio  acid : 

^OT")  -  {I}')  -  KT|o)  +  (Ills) 

Nitrate  Of  dWer.  Hydrosalplmrlc  Nitric  add.  Sulphide  of 

add.  uyer. 

Sulphide  of  silver  is  black,  and  when  melted  or  highly  heated  it 
assumes  a  metallic  appearance.  The  native  sulphide  always  has  this 
latter  aspect.     Its  density  is  7  *  2. 

When  roasted,  the  sulphide  of  silver  loses  sulphurous  anhydride,  and 
leaves  metallic  silver ;  roasted  with  sea  salt,  it  passes  to  the  state  of 
chloride,  as  it  also  does  when  left  for  some  time  with  bichloride  of  copper. 

Protoxide  of  Silver  (.^i  Oj. — This  oxide  is  obtained  as  a  heavy 
brown  powder  when  a  salt  of  silver  is  precipitated  by  hydrate  of 
sodium  or  potassium.  In  this  case  a  hydrate  (  -Sf  Oj  ought  to  be  pro- 
duced ;  but  this  hydrate  not  being  stable,  the  protoxide  is  formed. 

^Qo)    ^    .(|}o)    . 

Nitrate  of  silver.  Potassic  hydrate. 

»CTh)  +  iZH  +  (1)0) 

Nitrate  of  Protoxide  Water, 

potaesiiun.  of  siiTer. 

Oxide  of  silver  is  easily  decomposed  into  oxygen  and  metallic  silver 
when  heated.  It  is  a  powerful  basic  anhydride,  and  dissolves  in  acids, 
forming  well-defined  salts.  Water  dissolves  ^^jW*  sufficient  to  decom- 
pose the  soluble  haloid  salts  and  the  phosphates. 

When  oxide  of  silver  is  digested  with  ammonia,  a  detonating  com- 
pound is  formed,  the  fonnula  of  which  is  not  definitely  fixed.  Some 
chemists  consider  this  body  (fulminating  silver)  as  answering  to  the 

fonnula  |H   In  Y   others  believe  that  it    is  a  triargentic   nitride 


m 


(lih) 
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mtrate  of  Silver  (  a^^  >  OJ. — ^Nitrate  of  silver  is  prepared  by  dissolv- 
ing silver  in  boiling  nitric  acid.  If  the  silver  employed  be  pnre,  so  is 
the  nitrate ;  if  the  silver  contain  copper,  like  money  or  jewellery,  the 
nitrate  of  silver  is  mixed  with  nitrate  of  copper.  The  best  method  of 
pnrifying  it  then  consists  in  evaporating  it  to  dryness,  and  melting  the 
residue,  taking  care  to  keep  it  melted  for  some  time.  The  nitrate  of 
copper  is  decomposed  into  oxide  of  copper  and  volatile  products ;  and 
if  the  temperature  is  not  too  high,  the  greatest  part  of  the  nitrate  of 
silver  remains  intact :  occasionally  a  small  portion  of  the  mass  is  taken 
out  with  a  rod  and  dissolved  in  water,  which  is  filtered,  and  ammonia 
is  added.  So  long  as  the  reagent  produces  a  blue  tint  there  remains 
some  nitrate  of  copper  intact ;  when  the  ammonia  no  longer  acts,  the 
decomposition  of  this  salt  is  complete. 

The  mass  when  cold  is  dissolved  in  water,  filtered  to  separate  the 
oxide  of  copper,  and  evaporated  to  the  consistence  of  a  thick  syrup  ; 
the  nitrate  of  silver  crystallizes  when  the  liquid  cools.  It  may 
then  be  evaporated  to  dryness,  the  salt  malted,  and  poured  in  layers 
on  to  porcelain  plates,  or  formed  into  sticks  in  small  moulds  of  cast 
iron ;  in  this  latter  form  it  is  employed  as  an  escharotic  by  surgeons, 
and  is  called  lunar  caustic. 

Instead  of  decomposing  nitrate  of  copper  in  the  manner  just  de- 
scribed, it  is  more  simple  to  treat  the  mixture  of  the  two  salts  by  a 
soluble  chloride,  which  precipitates  the  silver  only  in  the  state  of 
chloride.  This  chloride  is  well  washed  and  dried,  and  then  heated  to 
white  redness  in  a  crucible,  after  having  been  mixed  with  carbonate  of 
potassium  and  sea  salt ;  a  sediment  of  very  pure  silver  is  extracted 
from  the  crucible,  the  latter  being  broken  on  cooling.  This  sediment, 
dissolved  in  nitric  acid,  forms  very  pure  nitrate  of  silver. 

!Nitrate  of  silver  crystallizes  in  beautiful  transparent  rhomboid 
laminae,  especially  on  evaporating  its  acid  solutions.  When  melted,  it 
appears  as  a  white  mass  of  crystalline  structure. 

As  nitrate  of  silver  is  decomposed  by  heat,  giving  metallic  silver,  it 
becomes  black  after  repeated  fusions. 

When  this  salt  is  poured  into  sticks  there  is  always  some  residue, 
which  is  melted  a  second,  and  sometimes  a  third  time ;  this  residue 
then  assumes  the  colour  often  observed  in  lunar  caustic. 

The  solution  of  nitrate  of  silver  is  decomposed  by  hydrogen,  as  it 
would  be  by  a  metal  such  as  zinc,  nitric  acid  is  formed,  and  silver  is 
deposited. 

Nitrate  of  silver.  Hydrogen.  Nitric  add.  Silver. 

Nitrate  of  silver  is  decomposed  by  organic  substances  under  the 
influence  bf  light.  It  stains  the  skin  black,  and  is  used  for  marking 
linen  and  dyeing  hair;  the  stains  on  the  skin  disappear  if  washed 
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immediately  with  a  solution  of  potassic  cyanide.  As  to  the  writing  on 
linen,  said  to  be  indelible,  if  submitted  to  the  action  of  chlorine  solu- 
tion nntil  it  become  white,  and  then  washed  first  with  pare  water 
and  then  with  solution  of  ammonia,  it  will  disappear. 

Nitrate  of  silver  is  given  internally  in  epilepsy.  But  invalids  who 
take  it  ought  to  be  kept  in  the  dark,  or  their  skin  will  become  bronzed. 
It  is,  however,  an  uncertain  remedy. 

Charaoteristies  of  Salts  of  Silver. — The  soluble  salts  of  silver  are 
recognized  by  the  following  properties. 

Ist.  They  are  always  colourless  when  no  elements  of  a  coloured  acid 
enter  into  their  composition,  and  they  generally  blacken  when  exposed 
to  the  light. 

2nd.  Hydrochloric  acid  and  the  soluble  chlorides  produce  in  their 
solutions  a  white  flocculent  precipitate  of  chloride  of  silver  which  is 
not  acted  on  by  acids,  but  which  dissolves  readily  in  ammonia,  cyanide 
of  potassium,  and  hyposulphite  of  sodium ;  this  precipitate  assumes  a 
violet  tint  when  exposed  to  the  light. 

3rd.  The  soluble  phosphates  and  arsenites  cause  in  the  above  solu- 
tions the  formation  of  a  clear  yellow  precipitate  of  phosphate  or 
arsenite  of  silver,  soluble  in  ammonia  and  in  acid  liquids. 

4th.  Arseniates  produce  therein  a  brick-red  precipitate  of  arseniate 
of  silver. 

5th.  Stdphuretted  hydrogen  forms  a  black  precipitate  of  sulphide 
of  silver,  which  is  insoluble  in  the  hydrosulphate  of  ammonia,  but 
which  nitric  acid  easily  transforms  into  nitrate  of  silver. 

6th.  Fixed  alkalies  in  presence  of  salts  of  silver  give  a  brown  pre- 
cipitate of  oxide  of  silver,  which,  when  brought  into  contact  with 
ammonia,  becomes  black,  and  acquires  explosive  properties. 

7th.  Soluble  iodides  transform  soluble  salts  of  silver  into  iodide  of 
silver  which  is  precipitated. 

This  iodide  is  yellowish,  easily  affected  by  light,  almost  insoluble  in 
anmionia,  but  easily  dissolved  in  hyposulphite  of  sodium  and  in  cyanide 
of  potassium.  Boiling  nitric  acid  slowly  decomposes  it,  forming  nitrate 
of  silver,  and  disengaging  violet  vapours  of  iodine. 


APPENDIX  TO  MONATOMIC  METALS. 

Ammoniacal  Compounds. — We  have  seen  when  speaking  of 
ammonia  that  the  residue  (NH^)  (ammonium)  can  act  as  a  monatomio 
metal ;  the  compounds  of  this  radicle  are  numerous ;  the  most  im- 
portant and  the  only  ones  we  will  study  are : 

The  monosulphide  and  the  hydrosulphate  of  ammonium. 

The  chloride  of  ammonium. 

The  sulphate  of  ammonium. 

The  nitrate  of  ammonium. 

The  carbonate  of  ammonium. 

Q  2 
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MonoBulphide  and  Hydrosulphate  of  Ammonitun.  —  When  two 
Yolnmes  of  hydrosulphnric  acid  and  four  volumes  of  very  dry  ammo- 
niacal  gas  are  mixed  at  a  low  temperature,  a  very  unstable  crystallized 

body  is  produced,  whicb  is  the  monosulpbide  of  ammonium  ( ^j^^  f  ^  )• 

If,  on  the  contrary,  equal  volumes  of  these  two  gases  be  mixed,  a 
very  volatile  yellow  product  would  be  obtained,  which  is  the  hydro- 
sulphate  of  ammonium  (    ;g  [  S  j. 

These  compounds  are  only  employed  in  aqueous  solution :  to 
prepare  them  we  dilute  ammonia  with  water,  and  supersaturate  with 
hydrosulphnric  acid ;  thus  hydrosulphate  of  ammonium  is  formed. 

(HJs)      +      (KH.)       .       (™» 

HydroBulphuiic  Ammonia.  Hydrosniphate 

add.  of  ammonium. 

If  a  quantity  of  ammonia,  equal  to  that  used  to  prepare  it,  be  added 
to  this  bydi'osulphate,  it  becomes  transformed  into  monosulphide. 

Cl»      *      (NH-)       -       PJS) 

Hydroenlphate  Ammonia.  Monosulphide 

of  ammoniam.  of  ammonium. 

These  sulphides  possess  the  property  of  precipitating  the  greater 
part  of  metallic  solutions,  and  for  this  reason  they  are  much  used  in 
mineral  analysis. 

Chloride  of  Ammonium  [  pi  >]. — Ammoniacal  gas  and  hydro- 
chloric acid  unite  in  equal  volumes  to  constitute  chloride  of  ammo- 
nium. 


(JSH») 

+ 

(SI)  - 

'  ra) 

Ammonia. 

Hydrochloric 
acid. 

Qiloride  of 
ammonium. 

But  the  salt  is  not  generally  obtained  in  this  way.  Formerly  it  was 
prepared  by  heating  in  glass  vessels  the  soot  arising  from  the  com- 
bustion of  camel's  dung;  the  chloride  of  ammonium  was  volatilized, 
and  was  deposited  on  the  upper  parts  of  the  vessels  which  were  cold  ; 
it  was  then  extracted  by  breaking  the  vessels. 

Chloride  of  ammonium  is  at  present  prepared  by  saturating  with 
hydrochloric  acid  the  waters  condensed  in  coal-gas  works,  those  which 
arise  from  the  distillation  of  animal  matter  and  the  urine  arising  from 
night  soil.  All  these  matters  contain  carbonate  or  hydrosulphate  of 
ammonium. 

When  hydrochloric  acid  is  too  expensive,  these  waters  are  treated  by 
the  sulphate  of  calcium ;  double  decomposition  takes  place,  carbonate 
of  calcium  is  precipitated,  and  sulphate  of  ammonium  remains  dissolved. 
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The  aolution  of  this  new  salt  is  decanted,  concentrated  to  19°  or  20° 
(Baume),  chloride  of  sodium  is  added,  and  it  is  boiled ;  a  second  decom- 
position is  produced :  sulphate  of  sodium  and  chloride  of  ammonium  are 
formed,  and  the  greater  part  of  the  sulphate  is  deposited  during  the  boil- 
ing. When  this  salt  ceases  to  be  deposited,  the  solution  is  cJlowed  to 
cool ;  and,  as  then  the  solubility  of  the  chloride  of  ammonium  decreases, 
while  that  of  the  sulphate  of  sodium  augments  up  to  33°,  the  chloride 
of  ammonium  is  alone  deposited. 

The  salt  thus  obtained  is  then  sublimed  and  made  ready  for  sale. 
The  chloride  of  ammonium,  known  in  commerce  as  saL-ammoniao, 
crystallizes  in  small  octahedra,  which  are  entangled  together,  so  as  to 
resemble  flexible  needles. 

When  heated  it  volatilizes  without  melting,  unless  it  be  submitted 
to  a  pressure  greater  than  that  of  the  atmosphere.  Alcohol  dissolves 
it  very  sparingly,  but  it  dissolves  in  about  its  own  weight  of  boiling 
water,  and  in  2  *  7  parts  of  cold  water,  of  which  it  lowers  the  tempera- 
ture in  dissolving. 

Alkaline  oxides  and  alkaline  earths  decompose  the  chloride  of 
ammonium,  ammonia  is  disengaged,  and  a  metallic  chloride  is  formed : 

Chloride  of  Oxide  of  Chloride  of  Ammonia, 

ammonium.  caldam.  caldmn. 

Sulphate  of  Ammonium   (  SO""  <  Q^-rj4  j. —  We    have    seen    how 

this  salt  is  manufactured  on  a  large  scale :  it  is  purified  by  gentle 
roasting  to  destroy  the  organic  matters  with  which  it  is  mixed,  and  re- 
crystallizing.  The  sulphate  of  ammonium  is  presented  in  colourless 
crystals,  which  are  isomorphous  with  those  of  sulphate  of  potassium ;  it 
dissolves  in  two  parts  of  cold  or  one  of  boiling  water ;  it  resists  a 
temperature  of  ISO'*  without  decomposing  ;  but,  if  heated  sufficiently, 
it  is  entirely  transformed  into  volatile  products :  sulphate  of  ammo- 
nium, being  the  cheapest  of  the  ammoniacal  salts,  promises  to  become 
important  in  agriculture  as  a  source  of  nitrogen. 

Carbonates  of  Ammonium. — Carbonate  of  ammonium  is  obtained  by 
heating  in  a  cast-iron  retort  a  mixture  of  chalk  (carbonate  of  lime) 
and  sulphate  of  ammonium ;  the  carbonate  of  ammonium,  which  is 
volatile,  becomes  condensed  in  the  cold  parts  of  the  apparatus.  It 
presents  the  appearance  of  a  white  translucent  mass  with  a  fibrous 
texture ;  it  has  a  fresh  ammoniacal  odour,  and  presents  an  alkaline 
reaction. 

A  solution  of  this  salt  supersaturated  with  carbonic  anhydnde  de- 
posits crystals  of  bicarbonate,  which  are  not  affected  by  air,  and  which 


(t}  4 


have  for  formula 

If,  instead  of  treating  the  solution  of  the  carbonate  of  ammonium  of 
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oommerce  by  concentrated  carbonic  anhydride,  it  be  saturated  by  concen- 
trated ammonia,  the  liquor  deposits  crystals  of  volatile  sesquicarbonate 
of  ammonia.  These  crystals  answer  to  the  formula  ((CO*)"(NH*)*HKy*). 
As  it  is  difficult  to  conceive  how  such  a  molecule  can  be  constituted, 
there  is  reason  to  believe  that  the  sesquicarbonate  of  ammonia  is  not  a 
real  atomic  compound,  but  that  it  is  formed  by  the  union  of  two  mole- 
cules of  bicarbonate  of  ammonium  with  one  of  neutral  carbonate. 

Sesqnlcarbonate  of  Bicarbonate  of  Neutral  carbonate 

ammonlnm.  ammoninin.  of  ammoDinm. 

The  neutral  carbonate  of  ammonium  is  not  known  in  a  free  state. 

The  carbonate  of  commerce  appears  to  be  constituted  by  a  mixture  of 
bicarbonate  and  sesquicarbonate,  or  rather  by  a  mixture  of  acid  and 
neutral  carbonates,  containing  more  of  the  acid  carbonate  than  the  salt 
known  as  the  sesquicarbonate. 

/NO*  1     \ 

ITitrate  of  Ammonium  I  ^^jtti  \  O  j. — This  salt  is  obtained  by  satu- 
rating ammonia  or  carbonate  of  ammonium  by  nitric  acid,  and  slowly 
evaporating  the  solution. 

Nitrate  of  ammonium  crystallizes  in  hexagonal  prisms  similar  to 
those  of  saltpetre,  and  containing  12  atoms  of  water  of  crystallization. 
This  salt  has  a  bitter  acrid  taste ;  boiling  water  dissolves  its  own  weight, 
and  cold  water  about  half  its  weight;  on  dissolving  in  water  it  lowers 
the  temperature  considerably ;  alcohol  does  not  dissolve  it. 

When  submitted  to  the  action  of  heat,  nitrate  of  ammonium  is  decom- 
posed into  water  and  protoxide  of  nitrogen  : 

{Sg')o)   -   ^(i}o)  +  («fo) 

Nitrate  of  Water.  Protoxide  of 

ammonium.  nitrogeo. 

Nitrate  of  ammonium  is  contained  in  rain-water. 

Characteristios  of  Ammonical  Salts. — These  salts  are  recognized  by 
the  property  they  possess  of  disengaging  ammonia  under  the  influence 
of  bases.  To  show  this  property,  a  fragment  of  potash  is  thrown  into 
a  tube  closed  at  one  end,  and  a  little  of  the  salt  to  be  examined,  and 
a  few  drops  of  water  are  added ;  in  the  upper  part  of  the  tube,  moist 
red  litmus  paper  is  placed  and  the  tube  is  heated;  if  it  be  a  salt  of 
ammonium,  ammoniacal  vapour  is  at  once  disengaged  and  turns  the 
litmus  paper  blue.  Even  when  the  salt  is  in  small  quantity,  the  smell 
of  ammonia  is  distinctly  perceptible. 
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GENERAL  BEMAEKS  ON  THE  MONATOMIC  METALS. 

Being  monatomio,  the  metals  of  this  group  can  only  form  a  limited 
number  of  compounds,  and  these  are  sometimes  instable,  as  we  have 

seen  is  the  case  with  hydrate  of  silver  [  if  [  ^  )• 

Besides  those  combinations  which  obey  the  laws  of  atomicity,  other 
compounds  are  known  which  seem  to  form  exceptions  to  these  laws, 
such  as  the  double  chloride  of  silver  and  sodium  (AgCl,NaCl),  in  which 
the  silver  is  combined  with  three  atoms,  which  are  monatomic,  like 
itself. 

A  few  years  ago,  M.  Cannizzaro  enunciated  the  idea  that  such  bodies 
are  simply  formed  by  the  juxtaposition  of  two  different  molecules ;  that 
they  resemble  rather  those  into  which  water  of  crytallization  enters 
than  true  atomic  compounds.  M.  Kekul^,  who  has  recently  recurred  to 
this  idea,  has  proposed  calling  these  bodies  molecular  combinations. 

MM.  E^kul6  and  Cannizzaro's  ideas  may  be  correct,  but  we  have 
seen  that  the  existence  of  double  chlorides,  bromides,  and  iodides,  may 
be  accounted  for  by  admitting  that  halogen  metalloids  are  triatomic, 
and  that  they  act  in  these  bodies  with  their  maximum  capacity  for  satu- 
ration. The  double  chloride  of  silver  and  potassium  would  be,  accord- 
ing to  this  hypothesis,  (  ^  [  CI*  1,  and  its  constitution  would  be  what 
the  following  symbolic  design  shows  : 


Cl 

K 

(1    1 

■|  KD 

axjz 

~i  f> 

Ag 

Cl 

SECOND  CLASS  (BIATOMIC  METALS). 


CAIiCIXIM  Ca". 

Atomic  weight  =  40.    Probable  molecular  weight  =  40. 

Davy  obtained  calcium  by  decomposing  lime  by  the  galvanic  battery 
in  presence  of  mercury,  and  displacing  by  heat  the  mercury  of  the 
amalgam  thus  produced.  More  recently,  M.  Caron  isolated  this  metal 
by  decomposing  the  chloride  of  calcium  by  sodium  in  presence  of  zinc 
at  a  high  temperature.  The  metal  is  obtained  alloyed  with  zinc,  from 
which  it  is  separated  by  submitting  the  alloy  to  the  action  of  a  very 
strong  heat  in  a  crucible  of  charcoal.  The  calcium  thus  prepared 
always  contains  a  little  iron ;  it  is  of  a  brass-yellow  colour. 

The  density  of  calcium  is  !•  5778.     This  metal  is  not  sensibly  vola- 
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tile.  It  oxidizes  and  becomes  bydrated  in  moist  air :  after  a  certain 
time  it  is  entirely  transformed  into  slaked  lime.  It  can  be  preserved 
in  a  vessel  full  of  dry  air,  but  becomes  covered  with  a  greyish  coating 
which  deprives  it  of  ite  metallic  lustre.  It  bums  with  difficulty  in  the 
flame  of  the  blowpipe  on  account  of  the  layer  of  oxide  which  imme- 
diately forms,  and  which  preserves  it  fi'om  further  oxidation. 

Calcium  is  biatomic,  and  is  therefore  capable  of  uniting  with  two 
atoms  of  a  monatomic  element  or  with  two  residues  of  the  same  atomi- 
city. 

Combined  with  chlorine,  bromine,  iodine,  or  fluorine,  we  obtain  the 
chloride  (Ca"Cl«),  the  bromide  (Ca"Br*),  the  iodide  (Ca'T),  and  the 
fluoride  (Ca'Tl*);  united  with  hydroxyl,  the  hydrate  of  calcium  or 

slaked  lime  is  obtained  f  Ca"  <  qjj  j. 

The  two  affinities  of  calcium  may  also  be  saturated  by  the  two 
affinities  of  a  biatomic  metalloid,  such  as  oxygen  or  sulphur,  as  in  the 
anhydrous  oxide  (CaO)  and  the  monosulphide  (CaS) 

Calcium  and  oxygen  both  being  biatomic,  may  be  saturated  incom- 
pletely, and  give  the  biatomic  group  CaC,  as  the  following  figure 
indicates 

a 

CTZDd 


c  crzD 

b 

in  which  a  represents  one  atom  of  calcium  and  h  one  atom  of  oxygen. 
We  see  that  one  of  the  two  centres  of  attraction  of  the  calcium  is  satu- 
rated by  one  of  the  centres  of  attraction  of  the  oxygen,  and  that  the 
group  contains  in  c  and  d  two  non-saturated  centres  of  attraction.  I 
will  give  the  radicle  (CaO)  the  name  of  calcyl. 

The  oxide  of  calcyl  (CaO,0),  obtained  by  the  action  of  oxygenized 
water  on  lime,  and  the  bichloride  of  calcyl  (CaO,Cl*),  obtained  by  the 
action  of  chlorine  on  the  same  body,  are  known. 

These  calcylic  compounds  are  remarkably  instable :  all  bodies  having 
a  tendency  either  to  combine  directly  with  oxide  of  calcium  or  to  enter 
into  double  decomposition  with  it,  liberate  the  element  originally  com- 
bined with  this  oxide.  Thus  on  causing  acids  to  act  on  binoxide  of 
calcium,  or  on  the  chloride  of  calcyl,  oxygen  or  chlorine  is  liberated, 
and  a  salt  of  lime  is  formed.  In  hygiene,  this  property  of  the  chloride 
of  calcyl  (chloride  of  lime)  is  utilized  to  procure  a  constant  and  slow 
disengagement  of  chlorine.  This  compound  is  left  in  contact  with  the 
air,  the  carbonic  anhydride  seizes  the  oxide  of  calcium  in  order  to 
form  carbonate  of  calcium,  and  chlorine  is  disengaged : 

Chlorido  Carbonic  Cftrbonata  of  Chlorine, 

of  caliyl.  anbjdrlde.  caldum. 

Before  the  biatomicity  of  calcium  was  known,  chloride  of  lime  was 
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oonsidered  as  a  mixture  of  chloride  and  hypochlorite  of  calcitim, 
which  was  written  (CaCl+CaClO),  attributing  the  atomic  weight 
20  to  calcium. 

At  present  it  is  more  simple  to  consider  this  body  as  merely  a  chloride 
of  calcyl ;  it  is  nevertheless  possible  that  it  is  really  formed  of  a  mix- 
ture of  chloride  and  hypochlorite  of  calcium,  and  that  its  formula  ought 

to  be  written  (Ce^cA + (^^  |  0»\ 

Instead  of  calcyl  (CaO),  it  is  possible  to  have  sulphocalcyl  (CaS"), 
and  even  radicles  still  more  sulphuretted  ;  thus  the  existence  of  bisul- 
phide of  calcium  (Ca"S')  =  (CaS"S)  is  explained  as  well  as  that  of  the 
pentasulphide  of  the  same  metal  (CaS^'S). 

Among  the  compounds  foiined  by  calcium,  the  most  important  are 
the  oxide  of  calcium  or  lime,  the  chloride,  the  carbonate,  the  sulphate, 
and  the  phosphates  of  calcium. 

Chloride  of  Calcium  (Ca"Cl'). — This  body  is  obtained  by  dissolving 
white  marble  in  pure  hydrochloric  acid,  evaporating  the  liquid  to  dry- 
ness, melting  the  residue  in  a  crucible,  and  pouring  it  on  to  a  marble 
slab.  As  soon  as  the  chloride  of  calcium  is  solidified,  it  is  powdered 
and  placed  in  bottles  while  still  hot,  that  it  may  not  become  moist.  The 
chloride  of  calcium  then  appears  in  white  layers. 

If  the  solution  of  this  salt  be  evaporated  to  dryness,  and  the  salt 
be  dried  without  melting,  it  will  assume  a  spongy  appearance. 

If  again  a  solution  of  chloride  of  calcium,  concentrated  by  heat,  be 
left  to  cool,  the  salt  would  crystallize  in  six-sided  prisms  terminated 
by  pyramids  with  six  faces ;   these  crystals  are  hydrates,  and  their 

formula  is  (  Ca"  "j  pi   +  6  aq.  j. 

Chloride  of  calcium  is  anhydrous  when  melted  or  simply  dried ;  it 
dissolves  in  water,  disengaging  a  large  quantity  of  heat,  and  is  very 
deliquescent.  It  is  used  to  dry  gases  as  well  as  liquids  in  which  it 
does  not  dissolve.  The  spongy  chloride  is  preferred  for  gases,  and 
melted  chloride  for  liquids. 

Carbonate  of  Calcium. — This  substance  abounds  in  nature,  where  it 
exists  either  crystallized  or  amorphous,  and  in  very  variable  degrees  of 
aggregation.  Marble,  Aragonite,  Iceland  spar,  chalk,  limestone,  calca* 
reous  marl,  oolite,  ete.,  are  all  constituted  of  carbonate  of  lime. 

Carbonate  of  calcium  decomposes  before  melting,  unless  the  carbonic 
anhydride  be  prevented  from  being  disengaged ;  in  this  latter  case  it 
melts,  and  crystallizes  on  cooling :  the  substance  which  is  formed  is  iden- 
tical with  marble,  and  may  even  be  veined  by  adding  different  oxides. 

Carbonate  of  calcium  is  white  and  is  almost  insoluble  in  pure  water. 
According  to  M.  Peligot,  this  liquid  would  dissolve  grm.  0'02  per  litre. 
It  dissolves  in  water  charged  with  carbonic  anhydride,  and  then 
passes  to  the  stete  of  bicarbonate.  On  boiling  this  solution,  the 
neutral  carbonate  is  precipitated  and  carbonic  anhydride  is  disengaged. 
This   property  explains  why  certain  waters  produce  calcareous  in- 
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orustations,  and  the  staLagmites  and  stalaotites  bo  often  met  with  in 
caverns,  etc.,  etc. 

Carbonate  of  calcium  is  bimorphons.  Iceland  spar  and  Aragonite  re- 
present two  varieties  of  this  body  crystallized  in  two  different  systems. 

On  causing  different  acids  to  act  on  carbonate  of  calcium,  a  calcic 
salt  is  obtained  corresponding  to  the  acid  used,  and  carbonic  anhydride 
IB  disengaged. 

Oxide  of  Caloiujn  (Lime), — Lime  is  prepared  by  calcining  the  carbo- 
nate to  fiill  redness. 

(Ca-fo-)       =       (cX)*)      4-      (CaO) 

Carbonate  of  Garbonlo  Ume. 

calcium.  anhydride^ 

In  presence  of  water,  lime  swells  up  and  crumbles,  disengaging  a 
great  amount  of  heat ;  it  is  then  transformed  into  hydrate  of  calcium 

(  H*  f  ^r     ^^^®'  *^®  influence  of  red  heat,  this  hydrate  loses   a 

molecule  of  water  and  returns  to  the  state  of  anhydrous  lime  (Ca"0). 
This  hydrate  of  calcium  is  called  slaked  lime. 

Lime  is  white  and  infusible  at  the  highest  temperatures ;  water  dis- 
Bolves  it  sparingly,  and  its  solubUity  is  less  in  hot  than  in  cold  water : 
1  part  of  lime  requires  for  its  solution  778  pai-ts  of  water  at  15%  and 
1270  parts  at  100° 

A  solution  of  sugar  dissolves  a  great  quantity  of  lime  ;  if  alcohol  be 
added  to  the  solution,  a  compound  of  lime  and  sugar  is  deposited.  The 
solution  of  saccharate  of  lime  is  also  coagulated  by  heat. 

It  is  generally  supposed  that  lime  heated  to  dull  redness  favours  the 
decomposition  of  ammoniacal  gas;  but  M.  Bonis  has  discovered  that 
there  is  no  foundation  for  this  assertion. 

Lime  exposed  to  air  is  transformed  into  a  very  hard  carbonate. 
When  mixed  with  siliceous  matters,  such  as  quartz  sand,  and  even  with 
matter  that  is  not  siliceous,  Buch  as  dolomite  (double  carbonate  of  lime 
and  magnesia),  it  forms  mortars. 

Lime  containing  clay  (silicate  of  alumina)  hardens  nnder  water.  It 
is  such  mixtures  that  constitute  hydraulic  limes  and  cements.  These 
latter  contain  more  of  the  clay  than  the  hydraulic  limes.  When,  with- 
out containing  clay,  lime  contains  foreign  substances,  such  as  magnesia, 
it  no  longer  swells  so  readily  in  presence  of  water,  and  it  is  then  called 
poor  lime,  in  contradistinction  to  the  purest  lime  of  commerce,  which  is 
called  rich  or  strong  lime. 

In  the  laboratory,  pure  lime  is  obtained  by  decomposing  pure  calca- 
reous bodies,  such  as  white  statuary  marble,  by  heat.  Nevertheless,  it 
is  generally  necessary  to  submit  the  lime  thus  prepared  to  washing  in 
distilled  water,  in  order  to  free  it  from  a  small  quantity  of  chloride. 

FhoBphates  of  Caldum. — Three  phosphates  of  calcium  are  known : — 


BIACID  PHOSPHATE  OP  CALCIUM. 


235 


A  neutral  phosphate    . 


An  acid  phosphate 


And  a  biuoid  phosphate     . 


O^Ca' 


;// 


PO 


PO'"  i  OH 
OH 

fOH 
PO'"  {  OH 

.PO'"  I  OH 
OH 


ITeutral  Fhoephate. — This  phosphate,  improperly  known  as  basic 
phosphate,  forms  the  basis  of  the  bones  of  vertebrate  animals ;  it  is 
there  united  with  carbonate  of  calcium  and  organic  matter.  Layers  of 
this  salt  are  found  in  nature ;  it  may  be  obtained  artificially  by  pouring 
a  mixture  of  alkaline  phosphate  and  ammonia  into  chloride  of  calcium, 
washing  and  drying  the  precipitate  which  forms. 

Neutral  phosphate  of  calcium  is  insoluble  in  water,  but  it  dissolves  by 
the  assistance  of  carbonic  anhydride  therein  contained.  Its  presence 
in  vegetables  has  been  attempted  to  be  thus  explained:  according 
to  M.  Paul  Th^nard,  on  the  contrary,  vegetables  absorb  phosphate 
of  ammonia  and  soluble  salts  of  calcium,  which  then  give  phosphate  of 
calcium  by  double  decomposition. 

All  acids  cause  it  to  pass  to  the  state  of  acid  phosphate. 

When  boiled  with  a  solution  of  carbonate  of  sodium,  it  gives 
carbonate  of  calcium  and  phosphate  of  sodium. 

((PO"')«Ca»0«)     +     3(CNa«0»)     =     2[PO"'(NaO)»]     +     3(CCaO») 


Neutral  phosplute 
of  caldom. 


Carbonate  of 
sodium. 


l^oaphate  of 
aodlmn. 


Carbonate  of 
calcium. 


\ 


Acid  Phosphate  of  Caldum  ((PO"')*Ca«H'0«  +4  aq).— This  salt  is 
obtained  by  precipitating  a  solution  of  phosphate  of  sodium  by  a  solution 
of  chloride  of  calcium.     It  is  improperly  called  neutral  phosphate. 

Biaoid  Phosphate  of  Caldum  ((PO"')'Ca"H*O0.— This  salt  is  ob- 
tained  by  treating  the  neutral  phosphate  by  sulphuric  acid,  and  adding 
water,  which  dissolves  the  acid  phosphate  and  leaves  the  sulphate  of 
calcium  formed  in  the  reaction. 
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PO'"  I  0 1 
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Ca" 


+     2(80"' I  gg)     =     2(^80"' jgfCa") 
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Neutral  phosphate  of  lime. 


Sulphate  of  lime. 


as 


Snlphnrio  acid. 

fOH 
PO'"  I  OH 

+   I        \oY^'' 

PO'"  I  OH 
iOH 

Biacidj>bo:^hate  of  lime. 

This  salt  is  generally  designated  as  acid  phosphate,  and  is  used  in 
the  preparation  of  phosphorus. 

Sulphate  of  Calcium.— Hydrated  sulphate  of  calcium  answering  to 

(SO*"  1  \ 

p  ff  >0'-h2aq.  ]  is  found  in  nature,  and  is  known 

gypsum;  and  also  the  anhydrous  sulphate  known  in  mineralogy 
under  the  name  of  the  anhydrite.     The  latter  is  not  used. 

The  hydrated  sulphate  is  often  found  in  transparent  crystals, 
which  are  lancenshaped  and  cleave  easily.  It  is  very  sparingly  soluhle 
in  water,  and  its  solubility  does  not  vary  with  the  temperature.  Its 
density  is  2*31. 

When  heated,  gypsum  loses  its  water  of  crystallization.  If  it  has  not 
been  too  strongly  calcined,  it  may  be  again  reformed  by  making  it  into 
a  paste,  which  soon  hardens.  This  constitutes  plaster  of  Paris.  When 
too  strongly  heated,  it  becomes,  like  the  anhydrite,  incapable  of  com- 
bining with  water,  and  consequently  no  longer  useful.  When  heated 
with  reducing  bodies  such  as  carbon,  the  sulphate  loses  its  oxygen 
and  leaves  a  residue  of  sulphide  of  calcium. 


(S]  0-) 

+      2C       = 

=       2  (cO') 

+ 

(Ca"s) 

Sulphate  of 

Carbon. 

Oarbonic 

Solpbidr 

lime. 

anhydride. 

ofauduiii. 

Distinctive  Characteristics  of  Caldo  Salts. — These  salts  may  be 
recognized  by  the  following  characters : 

Ist.  Alkaline  carbonates  precipitate  them,  and  the  precipitate,  which 
is  carbonate  of  calcium,  is  dissolved  in  a  sufficient  quantity  of  water  by 
the  assistance  of  a  current  of  carbonic  gas,  but  is  again  deposited  on 
boiling. 

2nd.  Soluble  sulphates  and  sulphuric  acid  precipitate  them  white, 
but  as  the  sulphate  of  calcium  dissolves  in  500  parts  of  water,  the  preci- 
pitate is  not  obtained  in  very  dilute  solutions ;  in  this  case,  however, 
the  addition  of  alcohol  to  the  liquid  causes  the  precipitate  to  appear. 

3rd.  Oxalic  acid  and  soluble  oxalates  produce  a  granular  precipitate 
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of  oxalate  of  calcium  which  is  insoluble  in  water,  acetic  acid,  or  the 
aqueous  solution  of  hydrochlorate  of  ammonia,  hut  soluble  in  diluted 
nitric  and  hydrochloric  acids. 

4th.  Hydrofluosilicic  acid  does  not  disturb  the  solution  of  salts  of 
lime. 

5tlL  Chloride  and  nitrate  of  calcium  are  very  soluble  in  alcohol. 


\ 


STRONTIUM  St". 

Atomic  weight  of  stTontlam  =87*5 
Ptrobable  molecular  weight    =87*6 


BABIUK  Ba". 

Atomic  weight  of  barinm    s  137. 
Prubable  molecular  weight  =  137. 


Barium  and  strontium  are  metals  presenting  such  great  analogies 
that  we  may  consider  them  together. 

These  metals  may  be  prepared  by  means  of  the  galvanic  battery,  by 
a  process  similar  to  that  described  for  the  preparation  of  calcium. 
Barium  has  also  been  obtained  by  the  action  of  sodium  on  the  oxide  of 
barium  heated  to  redness. 

Barium  has  a  density  of  4  or  5,  and  strontium  2*5.  The  firat  of 
these  metals  is  silver  white,  and  the  second  yellow  in  colour :  neither 
have  sufficient  volatility  to  enable  them  to  be  distilled. 

Barium  and  strontium  act  like  calcium  in  their  combinations.  They 
are  biatomic,  and  in  consequence  combine  with  one  atom  of  oxygen 
or  sulphur,  or  with  two  monatomic  atoms.     Thus  we  know : 

The  protoxide  of  barium  or  baryta  (Ba"0),  and  the  protoxide  of 
strontium  or  strontia  (St"0)  ; 

The  monosulphides  of  barium  and  strontium  (Ba"S)  and  (St"S) ; 

The  chlorides  of  barium  and  strontium  (Ba"CP)  and  (Sf'CP),  etc. 

Besides  an  atom  of  one  of  these  metals  being  capable  of  uniting  with 
another  biatomic  atom,  forming  a  group  of  the  same  atomicity  as  itself, 
we  can  also  have  oxides  and  sulphides  of  barium  and  strontium  with 
several  atoms  of  oxygen  or  sulphur,  oxy chlorides,  etc.  Of  these 
compounds  the  only  ones  known  are  the  binoxide  of  barium  (BaO'), 
which  is  obtained  by  }ieating  the  protoxide  to  dull  redness  in  a 
current  of  air ;  the  binoxide  of  strontium  (StO*),  which  is  prepared 
by  causing  oxygenized  water  to  act  on  the  protoxide ;  and  the  oxy- 
chlorides  (BaOCl*)  and  (StOCl"),  which,  according  to  the  nomencla- 
ture already  adopted  by  us  for  the  analogous  compounds  of  calcium, 
we  wiU  call  chloride  of  barytyl  and  chloride  of  strontyl. 

Finally,  barium  and  strontium  may  combine  with  two  atoms  of 
hydroxyl,  and  give  the  hj-drates 


(H8i) 


and 


(B'iSD 


These  hydrates  are  formed  by  the  direct  action  of  water  on  the  corre- 
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sponding  anhydrous  oxides,  but  we  cannot  reform  these  anhydrous 
oxides  by  calcination.  When  submitted  to  the  action  of  chlorine  they 
lose  water,  and  give  the  oxychlorides  of  which  we  have  just  spoken. 

The  principal  minerals  containing  barium  and  strontium  are  their 
sulphates.  All  their  other  compoimds  may  be  prepared  from  these 
salts  by  the  following  process : 

The  sulphate  is  calcined  with  charcoal,  which  reduces  it  to  the  state 
of  sulphide : 

(SBa"0*)     +     20     =     2(00*)     +     (Ba"S) 

Sulphate  of  Carbon.  Carbonic  Sulphide  of 

barium.  anbydrlda.  barium. 

This  sulphide  is  then  treated  with  nitric  acid,  and  a  nitrate  is  pro- 
duced. The  nitrate,  when  calcined  in  a  porcelain  capsule,  leaves  anhy- 
drous baryta  or  strontia  (anhydrous  oxide  of  barium  or  strontium). 
In  presence  of  water  baryta  and  strontia  pass  to  the  state  of  hydrates. 
These  react  with  the  various  acids,  forming  all  the  known  salts  of 
the  two  metals. 

The  aqueous  solutions  of  sulphide  of  barium  or  strontium  may  be 
precipitated  by  an  alkaline  carbonate.  Thus  an  insoluble  carbonate 
is  formed,  from  which  all  the  other  salts  may  be  prepared,  simply  by 
treating  it  with  the  different  acids. 

Bistinotive  Characteristios  of  Salts  of  Barium  and  Ctrontium. — 
The  salts  of  barium  and  strontium  may  be  recognized  by  the  following 
characters : 

1st.  They  are  precipitated  by  carbonate  of  ammonium,  which  enables 
them  to  be  distinguished  from  alkaline  and  magnesian  salts,  but  not 
from  salts  of  calcium. 

2nd.  Very  dilute  solutions  of  sulphuric  acid  or  soluble  sulphates,  and 
even  the  solution  of  sulphate  of  calcium,  precipitate  these  salts.  This 
property  distinguishes  them  from  the  salts  of  calcium,  which  are  not 
disturbed  by  the  solution  of  the  latter  of  these  reagents. 

3rd.  The  salts  of  barium  and  strontium  are  distinguished  from  one 
another  by  their  reactions  with  hydrofluosilicic  acid  and  the  dilute 
solution  of  chromate  of  potassium,  which  only  precipitate  the  salts  of 
barium.  Ohloride  of  strontium  is  soluble  in  absolute  alcohol,  in 
which  the  chloride  of  barium  is  quite  insoluble. 


MAGNESrOM  Mg". 

Atomic  weight  =  24.    Probable  molecular  weight  =  24. 

Messrs.  Deville  and  Oaron  have  obtained  magnesium  by  the  follow- 
ing process : 

A  mixture  is  made  of 

Anhydrous  chloride  of  magnesium      ....  6  parts 

Sodium  in  fragments 1    „ 

Fluoride  of  calcium 1    „ 

Ohloride  of  potassium 1    „ 
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This  mixture  is  thrown  into  a  red-hot  crucible,  and  instantly 
covered.  When  the  fusion  is  complete  the  mass  is  stin-ed.  After 
cooling,  the  crucible  is  broken,  and  globules  of  magnesium  are  found, 
which  are  agglomerated  by  a  fresh  fusion.  The  sodium  displaces  the 
magnesium  in  this  process.  The  chloride  of  potassium  produces  a 
double  chloride  which  can  be  more  easily  acted  on  than  simple  chlo- 
ride of  magnesium;  the  fluoride  of  calcium  merely  facilitates  the 
melting. 

The  density  of  magnesium  is  1*743.  This  metal  melts  at  a  moderate 
heat,  and  may  be  distilled  like  zinc.  It-s  vapour  bums  in  air  with 
great  brilliancy,  which  is  increased  when  the  combustion  takes  place 
in  oxygen. 

Pure  magnesium  presents  the  whiteness  and  lustre  of  silver ;  it  is 
not  acted  on  by  dry  air,  but  moist  air  tarnishes  it  immediately.  It 
easily  dissolves  in  dilute  acids,  disengaging  hydrogen,  and  can  even 
decompose  water  when  cold,  but  this  latter  decomposition  is  very  slow. 

Magnesium  bums  in  chlorine  and  in  the  vapours  of  bromine,  iodine, 
and  sulphur.  It  is  biatomic,  and  gives  compounds  of  the  same  nature 
as  barium,  strontium,  and  calcium. 

Chloride  of  magnesium MgCP 

Bromide  of  magnesium MgBr*. 

Iodide  of  magnesium Mgl'. 

Fluoride  of  magnesium MgFl*. 

Anhydrous  oxide  of  magnesium  ....  MgO. 

Binoxide  of  magnesium MgO". 

{OH 
OH 

and  different  oxy -salts  arising  from  the  substitution  of  magnesium  for 
the  basic  hydrogen  of  acids,  are  known. 

The  chloride,  oxide,  hydrate,  and,  among  the  oxygenated  salts,  the 
carbonate  and  sulphate,  are  the  only  important  compounds  of  magne- 
siuuL 

Chloride  of  Ma^rneeium  (Mg"Cl*). — "When  the  oxide  or  hydrate  of 
magnesium  is  dissolved  in  hydrochloric  acid,  water  and  chloride  of 
magnesium  are  formed : 

(Mg"0)     +     2(Jj})     =     (H|o>)    ^    ^^Ig„|Cl^) 

Oxide  of  Hydrochloric  Water.  ailorldeof 

magneaiiim.  add.  magnesium. 

But  when  the  solution  is  evaporated  an  inverse  reaction  is  produced, 
the  water  and  the  chloride  of  magnesium  mutually  decompose,,  hydro- 
chloric acid  is  disengaged,  and  a  residue  of  magnesic  oxide  remains. 

In  order  to  obtain  anhydrous  chloride  of  magnesium,  chloride  of 
anmionium  is  added  to  the  solution  of  this  salt,  and  a  double  chloride 
of  magnesium  and  ammonium,  which  can  be  evaporated  without  de- 
composing, is  formed ;  when  the  evaporation  is  completed,  the  tempera- 
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ture  18  raised  sufficiently  to  volatilize  the  chloride  of  ammonium,  and  at 
length  beautiful  white  micaceous  lamina  of  chloride  of  magnesium 
remain. 

The  decomposition  of  chloride  of  magnesium  under  the  influence  of 
boiling  water  is  the  chief  fact  to  be  noticed  in  the  history  of  this  salt 
If  ever  the  sulphate  of  sodium  contained  in  saline  waters  were  extracted, 
it  would  no  longer  be  necessary  to  prepare  this  body,  hydrochloric  acid 
would  cease  to  be  an  accessory  product,  and  would  become  much 
dearer.  The  decomposition  of  chloride  of  magnesium  by  boiling  water 
could  then  be  used  for  its  preparation.  The  waters  of  salt  marshes,  in 
£EM)t,  contain  considerable  quantities  of  chloride  of  magnesium,  and  by 
their  distillation  hydrochloric  acid  ccm  be  cheaply  obtained. 

The  presence  of  chloride  of  magnesium  in  almost  all  waters  is  the 
reason  that  distilled  water  has  always  a  slight  acid  reaction,  unless  a 
little  lime  be  added  in  the  retort. 

Oxide  of  Magnesium  (MgO). — ^Anhydrous  oxide  of  magnesium  is 
obtained  by  calcining  the  hydrate,  the  carbonate,  or  the  nitrate  of  this 
metal.  It  is  ordinarily  prepared  fix)m  the  C€urbonate :  when  a  denser 
product  is  desired  to  be  obtained  the  nitrate  is  used. 

The  oxide  prepared  by  means  of  the  carbonate  is  very  light ;  in  phar- 
macy it  is  called  calcined  magnesia. 

Oxide  of  magnesium  is  a  white  body,  infasible  at  the  highest  known 

temperature,  and  soluble  in  the  proportion  of  t;:www^  ;  it  easily  dis- 
solves in  acids,  forming  well-characterized  salts ;  it  is  a  basic  anhydride. 
Calcined  magnesia  is  used  in  medicine  to  relieve  acidity  of  the 
stomach,  and  as  an  antidote  in  poisoning  by  arsenic. 

Hydrate  of  Magnesium  (^f  >  0*1 — This  is  generally  prepared 
by  precipitating  a  salt  of  magnesia  by  potash  or  soda, 

Sulphate  of  PutadL  Sulphate  of  Hydrate  of 

magnesium.  potaasium.  magDeaiiuL 

collecting  and  well  washing  the  precipitate.  Calcined  magnesia  may 
also  be  mixed  with  water,  and,  if  the  calcination  has  not  been  too 
strong,  the  oxide  and  water  combine  directly. 

WO)    +    (^}o)     .     («gfo.) 

Oxide  of  Water.  Hydrate  of 

magnesiam.  magnesium. 

This  hydrate  is  found  native  in  cr3'stals,  but  these  crystals  have  not 
been  produced  artificially. 

Hydrate  of  magnesium  is  a  base  which  enters  into  double  decompo- 
sition with  acids  and  their  anhydrides;  when  it  is  amorphous  it 
directly  attracts  the  carbonic  anhydride  of  the  air. 

Sulphate  of  Magnesium  (  Sjl//  [0*  -h  7  aq  j.--Sulphate  of  magnesium 
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is  generally  prepared  from  dolomite,  which  is  the  double  carbonate 
of  calcium  and  magnesium ;  it  abounds  in  nature,  and  is  the  princi- 
pal source  of  magnesian  compounds.  The  mineral  is  treated  by  sul- 
phuric acid,  carbonic  anhydride  is  disengaged,  and  the  sulphates  of 
calcium  and  magnesium  are  formed.  The  latter  of  these  sulphates 
being  very  soluble,  while  the  first  is  scarcely  so  at  all,  they  can  be 
easily  separated  by  crystallization. 

Sulphate  of  magnesium  can  also  be  extracted  from  sea-water  and 
from  certain  mineral  waters ;  it  is  colourless,  and  has  a  bitter  and  very 
disagreeable  taste.  It  dissolves  in  3*05  parts  of  water  at  14^,  and 
1'38  at  97°.  If  crystallized  from  its  aqueous  solution  at  the  ordinary 
temperature  it  assumes  the  form  of  small  'elongated  prisms  which  con- 
tain 7  molecules  of  water.  It  may  also  be  obtained  crystallized  with 
1,  2,  5,  6  .  .  .  .  12  molecules  of  water  by  varying  the  conditions  of 
the  experiment.  At  0°,  for  instance,  it  crystallizes  with  12  of 
water. 

Sulphate  of  magnesium  forms  with  alkaline  sulphates  double  sul- 
phates, which  crystallize  with  six  molecules  of  water.  The  double 
salt  of  magnesium  and  potassium  answers  to  the  formula  : 


/SO""ln«     SO^' 
^Mg"  /  ^  '      K« 


lo»   +  6aq.) 


Sulphate  of  magnesium  is  used  in  medicine  as  a  purgative  :  the  dose 
is  from  half  an  ounce  to  an  ounce. 

It  has  been  proved  that  sulphate  of  magnesium  is  formed  when  water 
satxirated  with  sulphate  of  calcium  is  filtered  through  carbonate  of  mag- 
nesium ;  this  fact  explains  the  formation  of  the  magnesian  sulphates 
contained  in  mineral  waters.  In  all  probability,  this  salt  is  produced 
by  the  passage  of  water  saturated  by  sulphate  of  calcium  through 
dolomite  earths. 

Carbonate  of  Magnesium. — When  the  'solution  of  sulphate  of  mag- 
nesium is  precipitated  by  an  alkaline  carbonate,  carbonic  anhydride  is 
disengaged  and  a  precipitate  is  obtained,  which,  when  washed,  dried, 
and  formed  into  cubes,  is  sold  by  chemists  as  white  magnesia— ma^n€«ta 
alba.  This  body  is  a  tetramagnesic  tricarbonate  answering  to  the 
formula : 


((CO)mg*(y  -{-  4aq.')   = 


CO" 


\ 


g}co" 

Mg"{ 

g|co" 

Mg" 


-f-     4  aq. 


/ 


u 


242  PRINCIPLES  OF  CHEMISTRY. 

The  following  equation  explains  the  formation  of  this  compound  : 

Sulphate  of  Carbonate  of  Water, 

magnesium.  potadsium. 

*(^}^)     +     ((CO")'Mg"*0' +  4  aq.)     +     CO* 

Sulpbate  of  Magnesia  alba.  Carbonic 

potassium.  .  anhydride. 

Magnesia  alba  has  no  taste,  though  it  is  slightly  soluble;  it  dis- 
solves in  acids,  giving  salts  of  magnesium,  carbonic  anhydride  being 
disengaged. 

When  white  magnesia  is  suspended  in  water,  and  a  current  of  car- 
bonic anhydride  gas  is  transmitted  through  the  liquid,  bicarbonate  of 
magnesium,  which  dissolves,  is  formed.  The  solution  of  this  salt, 
evaporated   in   a  current  of  carbonic   anhydride,  leaves    anhydrous 

(CO" 1  \ 
iii^  f ,  f  0' )  5  ^y  spontaneous  evapo- 
ration, the  same  solution  deposits  hydrated  neutral  carbonate;  if 
the  evaporation  take  place  at  the  ordinary  temperature,  the  crystals 
formed  contain  3  aq. ;  they  contain  5  aq.  when  the  evaporation  takes 
place  at  a  low  temperature :  the  latter  crystals  are  efflorescent. 

BeaotionB  of  Salts  of  Magnesia. — Soluble  salts  of  magnesia  are  recog- 
nized by  the  following  characteristics  : 

1st.  They  are  not  precipitated  either  by  hydrosulphuric  acid  or 
by  alkaline  sulphides. 

2nd.  Carbonate  of  ammonium  does  not  precipitate  them. 

3rd.  Ammonia  forms  a  precipitate  of  hydrate  of  magnesium,  if  the 
solution  be  neutral  and  do  not  contain  ammoniacal  salts ;  otherwise  a 
double  ammonio-magnesian  salt,  which  is  not  decomposed  by  ammonia, 
would  be  formed.  Even  when  the  liquid  is  neutral,  only  half  of  the 
salt  is  decomposed,  because  an  ammoniacal  salt,  which  prevents  the 
decomposition  of  the  other  half,  is  produced  in  the  reaction. 

4th.  Phosphate  of  ammonium  produces  in  solutions  of  magnesian  salts 
a  granulated  crystalline  precipitate  of  ammonio-magnesian  phosphate. 


ZINC  Zn. 
Atomic  weight  =  32-76.    Molecular  weight  =  32*75. 

Zinc  is  extracted  from  blende  (sulphide  of  zinc),  and  from  calamine 
(carbonate  of  zinc).  These  ores  are  roasted ;  the  blende  is  transformed 
into  oxide  by  oxidation,  while  the  carbonate  also  furnishes  oxide,  losing 
carbonic  anhydride.  The  oxide  produced,  when  calcined  with  charcoal, 
gives  metallic  zinc.  The  apparatus  used  for  this  reduction  ought  to 
be  such  that  the  metal  melts  and  runs  off  as  it  becomes  liberated ; 
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then  the  method  per  deseensum  is  said  to  be  employed :  but  an  appa- 
ratus may  also  be  used  in  which  zinc  is  reduced  into  vapour,  and  dis- 
tilled ;  and  this  constitutes  the  method  per  cucenmm. 

The  zinc  of  commerce  is  impure ;  it  may  be  distilled,  but  it  cannot 
be  thereby  freed  from  foreign  metals.  The  best  means  of  obtaining  it 
in  a  state  of  purity  consists  in  reducing  pure  oxide  of  zinc  by  carbon 
equally  pure,  obtained  by  calcining  sugar. 

Zinc  is  of  a  bluish-grey  colour,  and  appears  to  be  dimorphous ;  it 
fuses  at  500^,  and  distils  at  red  heat.  It  is  very  slightly  flexible, 
but  veiy  malleable;  when  alloyed  with  other  metals  it  becomes 
brittle,  and  acquires  the  same  property  when  heated  to  200°.  Zinc 
has  a  density  varying  from  6*86  to  7*21,  according  as  it  is  simply 
melted  or  laminated. 

At  the  ordinary  temperature  zinc  oxidizes  on  the  sur£stce,  but  the 
oxide  formed  preserves  the  metal  from  further  oxidation ;  it  bums 
brilliantly  at  red  heat,  emitting  white  fumes  of  oxide  of  zinc.  It  is 
thus  that  this  oxide  is  manu^Etctured. 

Zinc  decomposes  the  vapour  of  water  at  100° ;  at  the  ordinary  tem- 
perature it  is  substituted  for  the  hydrogen  of  acids.  We  have  seen 
that  the  preparation  of  hydrogen  is  founded  on  this  property. 

Silver,  gold,  platinum,  bismuth,  antimony,  tin,  cadmium,  mercury, 
lead,  etc.,  are  displaced  from  their  solutions  by  zinc. 

When  hot,  the  hydrates  of  potassium  and  sodium,  and  even  the  solu- 
tion of  ammonia,  dissolve  this  metal  with  disengagement  of  hydrogen. 
In  this  case,  with  the  fixed  alkalies,  alkaline  zincates  are  formed. 

.(Ifo)    +    Zn"     .     (|V"j0.)     +     |[ 

PoiaslL  Zinc.  Zincateof  Hydrogen. 

potassium. 

Being  biatomic,  zinc  combines  with  two  atoms  of  chlorine,  bro- 
mine, or  iodine,  giving  a  chloride  (  Zn'^p^  \  a  bromide  f  Zn"<gM, 

or  an  iodide  [  Zn"  <j\  With  oxygen  it  forms  a  protoxide  (Zn"0) 
and  a  binoxide  (Zn"0').  The  protoxide  corresponds  to  the  hy- 
drate   f -r^  r^)'  ^^^^^  furnishes  a  series  of  salts  by  the  substitution 

of  acid  radicles  for  the  typical  hydrogen  it  contains.  Finally,  zinc  forms 
with  sulphur  a  monosulphido  (Zn''S). 


Combinations  of  Zinc  with  Monatomic  Metalloids. 

Chloride  of  Zino(Zn"|p^Y — This  body  is  fonned  when  zinc  is 

heated  in  a  current  of  chlorine :  in  this  case  the  metal  burns  and  is 
converted  into  chloride ;  but  it  is  obtained  more  rapidly  and  cheaply 
by  dissolving  zinc  in  hydrochloric  acid. 

R  2 
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z."  +  2(g))  =  (z."{gD  +  I) 

Zinc  Hydrochlortc  Ghkyrideof  Hydrogen. 

add.  zinoi 

When  the  metal  jb  dissolved,  the  liquid  is  filtered  in  order  to 
separate  some  impurities  which  are  contained  in  the  zinc  of  commerce, 
and  which  do  not  dissolve  ;  then  it  is  evaporated  to  dryness,  and  when 
this  is  completed  the  residue  is  melted  by  heat,  and  it  is  then  poured 
on  to  a  clean  marble  slab ;  as  soon  as  it  is  solidified,  it  is  poimded,  aud 
placed  in  a  bottle  accurately  stoppered.  If  it  were  allowed  to  cool  in 
the  air  its  surface  would  absorb  moisture.  Chemists  formerly  called 
this  substance  butter  of  zinc. 

If  instead  of  evaporating  to  dryness,  the  process  be  arrested  when  the 
liquor  has  become  highly  concentrated,  the  chloride  of  zinc  is  deposited 
on  cooling,  in  hydrated  crystals. 

Chloride  of  zinc  is  of  a  greyish  colour  and  melts  at  250^ ;  it  begins 
to  emit  vapours  at  400°,  and  is  very  deliquescent ;  it  produces  great 
heat  on  dissolving  in  water,  and  has  such  afOnity  for  this  liquid  that 
it  destroys  living  tissues,  seizing  the  water  they  contain.  Surgeons 
thus  use  it  as  a  caustic. 

Alcohol  dissolves  chloride  of  zinc.  If  such  a  solution  be  heated,  the 
alcohol  is  dehydrated ;  and,  according  to  the  proportion  of  chloiide  of 
zinc  tbat  has  been  employed,  ethylene  (C"II*)  or  ether  (C*H*°0)  is  pro- 
duced. 

(C*H«0)     =     (H«0)     +     (C«H*) 

Alcohol.  Water.  Ethylene. 

2(C«H«0)     =     (H»0)     +     (G*W'0) 

Alcohol.  Water.  Ether. 

Bromide  of  Zino   f^^'  )t)^)  ^    prepared  like  the   chloride,   and 

possesses  analogous  properties. 

Iodide  of  Zinc  (  Zn"  <  j  \, — This  is  prepared  by  pounding  iodine  and 

zinc  filings  under  water.  It  is  a  white  substance,  soluble  in  water, 
crystallizes  in  needles,  and  has  a  styptic,  disagreeable  taste.  This 
compound  could  be  used  in  medicine,  according  to  Bouchardat,  in  pre- 
ference to  iodide  of  lead. 


Combinations  of  Zinc  with  Biatomic  Metalloids. 

Protoxide  of  Zino  (Zn"0). — In  the  arts  oxide  of  zinc  is  prepared 
directly  by  the  combustion  of  the  metal.  For  this  purpose  the  zinc  is 
heated  until  it  emits  vapours,  which  are  lighted,  the  fumes  are  then 
earned  by  a  current  of  air  into  a  series  of  chambers,  where  the  oxide 
of  zinc  is  deposited. 

The  oxide  of  zinc  thus  prepared  was  formerly  called  lana  phUoio- 
phicay  nihilum  alburn^  flowers  of  zinc,  and  pomphalis. 
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Oxide  of  zino  may  also  be  prepared  by  heating  the  hydrate  of  the 
metal,  or  by  calcining  the  nitrate  or  carbonate,  or  by  heating  the  bisul- 
phite of  zinc,  which  is  itself  obtained  by  the  action  of  sulphurous 
anhydride  on  blende  (sulphide  of  zinc)  pulverized  and  suspended  in 
water. 

Oxide  of  zinc  is  white  at  the  ordinary  temperature:  it  becomes 
yellow  when  heated,  and  regains  its  original  colour  on  cooling.  When 
procured  by  the  calcination  of  the  metal,  it  is  light  and  flocoulent ; 
when  prepared  by  means  of  the  bisulphite,  it  appears  spongy  and  is 
also  very  light ;  when  obtained  by  calcining  the  nitrate,  it  is  pulveru- 
lent and  heavy. 

Oxide  of  zinc  is  fixed ;  water  only  dissolves  -nnnnnr*  ^^*  y®*  *^® 
solution  changes  the  colour  of  litmus. 

Oxide  of  zinc  is  a  basic  anhydride  which  enters  into  double  decom- 
position with  acids,  and  gives  well-defined  salts  which  are  isomorphous 
with  those  of  magnesium. 

It  is  employed  in  medicine  as  an  antispasmodic,  and  has  been 
recommended  for  epilepsy.  It  is  now  used  in  painting,  as  a  substitute 
for  white  lead  (carbonate  of  lead). 

-OS  [  0*  j. — When  an  alkaline  solution  is  added  to 

the  solution  of  a  salt  of  zinc,  a  precipitate  is  formed  which,  collected  on 
a  filter  and  well  washed,  constitutes  the  hydrate  of  zinc. 

This  hydrate  loses  a  molecule  of  water  under  the  influence  of  heat, 
and  leaves  a  residue  of  anhydrous  oxide  of  zinc. 

Hydrate  of  zinc  enters  into  double  decomposition  with  acids,  and 
gives  salts  arising  from  the  substitution  of  the  radicles  of  these  acids  for 
its  typical  hydrogen.  It  is  a  powerful  base,  but  in  presence  of  ener- 
getic bases  it  can  also  exchange  its  hydrogen  for  a  metal  and  famish 
zincates ;  in  this  case  it  acts  as  a  weak  acid. 

.-.f^}o-)+.e-2}o)  =  ((,g;;}o.)  +  .(g}o) 

Hydrate  of  Nitric  add.  MitntoofsiDC.  Water. 

tine 

2.a.f^)<p)  +    2(i)o)   -    .(i|o)  +   (^i.]o.) 

Hydnteof  Hydrate  of  Water.  Zlncateof 

sine.  potaaaium.  potattsium. 

Sulphate  of  Zino  (  y^  r,  >0*  j. — In  the  laboratory,  sulphate  of  zinc  is 
prepared  by  dissolving  metallic  zinc  in  dilute  sulphuric  acid : 

z«"  +  («s:}o-)  -  (£}o-)  +  i) 

Zinc.  Snlpharlc  Sulphate  of  Hydrogen. 

add.  zinc. 

For  this  purpose  the  residue  of  the  preparation  of  hydrogen  is  utilised  : 
this  solution  has  only  to  be  filtered  and  crj'stallized.     In  the  arts, 
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native  blende  (sulphide  of  zinc)  is  roasted ;  it  absorbs  oxygen  from 
the  air  and  thus  passes  to  the  state  of  sulphate.  The  sulphate  is  then 
dissolved  in  water,  the  solution  decanted,  and  crystallized. 

(Z..8)  +  .(81)  =  (i2r]o-) 

Sulphide  Oxygen.  Sulphate  of 

of  zinc.  zinc. 

For  oonYenience  of  carriage  it  is  melted  in  its  water  of  crystallization 
and  poured  into  lumps. 

Sulphate  of  zinc  dissolves  in  two  or  three  times  its  weight  of  water 
at  the  ordinary  temperature ;  at  the  same  temperature  it  crystallizes 
with  7  molecules  of  water  of  crystallization ;  it  can  also  crystallize 
with  different  quantities  of  water  when  the  conditions  imder  which  the 
crystallization  takes  place  are  varied.  In  all  cases  the  crystals  of  sul- 
phate of  zinc  are  isomorphous  with  those  of  sulphate  of  magnesium, 
which  contain  the  same  quantity  of  water. 

Sulphate  of  zinc  combines  witii  alkaline  sulphate  to  give  double  salts, 
which  crystallize  with  6  molecules  of  water.  The  double  salt  of  zinc 
and  potassium  answers  to  the  formula 

When  strongly  heated,  sulphate  of  zinc  is  decomposed  and  leaves  a 
residue  of  oxide  of  zinc. 

Binozide  of  Zinc  (Zn'^O*). — This  substance  is  obtained  by  treating 
the  protoxide  with  oxygenated  water. 

(Zn"0)     +     (H»0»)     =     (H«0)     +     (Zn"0") 

Protoxide  Oxygenated  Water.  BInoxide 

of  zlno.  water.  of  ztnc. 

It  is  a  body  of  slight  stability. 

Sulphide  of  Zlno  (Zn"S). — This  body  exists  in  nature  crystallized 
in  regular  octahedra,  and  has  received  the  name  of  blende.  It  may  be 
obtained  artificially  by  precipitating  a  salt  of  zinc  by  a  soluble  sulphide. 

(rw  +  (i)s)  =  r^^o-)  +  (Z...S) 

Sulphate  Sulphide  Sulphate  of  Sulphide  of 

of  zinc  ofpotanium.  potouwium  zinc. 

When  roasted,  sulphide  of  zinc  is  converted  either  into  sulphate  or 
into  sulphurous  anhydride  and  oxide,  according  to  the  temperature. 

«(Z...8)     +      2(0|)     =     (S:|0.) 

Sulphide  of  Oxygen.  Sulphate  of 

nnc  zinc 

2nd.  2(Zn"SJ     +      ^Q})     "      2(S0')     +      2(Zn"o) 

Sulphide  Oxygen.  Sulphurous  Oxide  of 

of  zinc  anhydride.  zinc 
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Sulphide  of  zino  dissolves  in  acids,  disengagiDg  hydrosulpburic 
aoid. 

Sulphide  Hydrochloric  Chloride  of  Sulphuretted 

of  doc  add.  sine.  hydrogen. 

Carbonate  of  2iino. — Carbonate  of  zinc  is  found  native,  and  the 
mineral  has  received  the  name  of  calamine.  It  is  only  employed  in  the 
metallurgy  of  zina 

BeaotionB  of  Salts  of  Zino. — Salts  of  zinc  are  recognized  by  the  fol- 
lowing characters : 

Ist.  Hydrosulphuric  acid  does  not  precipitate  them  from  solution, 
unless  the  salt  be  derived  from  a  weak  acid  like  acetic  acid,  in  which 
case  a  white  precipitate  of  sulphide  of  zino  is  formed. 

2nd.  Sulphide  of  ammoniimi  forms  a  white  precipitate  of  sulphide  of 
zinc,  which  is  soluble  in  dilute  hydrochloric  acid. 

8rd.  Potash  produces  a  white  precipitate  of  hydrate  of  zinc,  which  is 
soluble  in  an  excess  of  the  reagent 

4iL  Ammonia  acts  like  potash. 

5th.  Carbonates  of  potassium  and  sodium  with  salts  of  zino  give  a 
white  precipitate  of  carbonate  of  zinc,  which  is  insoluble  in  an  excess 
of  m^  reagent. 

6th.  Carbonate  of  smimonium  acts  in  the  same  manner,  with  the  slight 
difference  that  the  precipitate  dissolves  in  an  excess  of  the  reagent. 


CADMIUM  Cd. 

Atomic  weight  =  113.    Molccubur  weight  =  112. 

Cadmium  is  almost  always  contained  in  the  ores  of  zinc.  When  these 
ores  are  submitted  to  metallurgic  operations,  the  cadmium  distils  first, 
being  the  more  volatile ;  it  may  be  obtained  pure  by  successive  distil- 
lations. 

Cadmium  is  white,  very  ductile,  and  very  malleable ;  its  density  is 
8*7;  it  melts  below  red  heat  and  its  vapour  bums  brilliantly  in  air. 

It  forms  compounds  entirely  analogous  to  those  of  zino.  Thus  we 
know: 

An  oxide CdO 

A  sulphide CdS 

A  hydrate Cd^'j^g 

A  chloride •.    .    CdCl* 

A  bromide CdBr* 

An  iodide CdP,  etc. 

The  oxide  and  the  h):drate  of  cadmium  entet*  into  double  decoiu- 
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pOBition  with  acids,  giving  rise  to  salts  that  are  isomorphons  with  those 
of  zinc  and  magnesium. 

These  salts  possess  the  following  properties  : 

1st.  Hydrosnlphnric  acid  added  to  their  solutions  gives  rise  to  a 
yellow  precipitate  that  is  insoluble  in  alkaline  sulphides  but  dis- 
solves in  hydrochloric  acid.  This  precipitate  forms  even  when  the  salt 
of  cadmium  is  mixed  with  a  solution  of  cyanide  of  potassium. 

2nd.  Potash  and  soda  form  a  white  precipitate  of  hydrate  of  cadmium, 
which  is  insoluble  in  an  excess  of  the  reagent 

3rd.  Ammonia  gives  the  same  precipitate,  but  an  excess  of  the  re- 
agent dissolves  it. 


COPPER   Cu. 

Atomic  Tvelght  =  63.    Probable  molecaUr  weight  =  63. 

Copper  is  found  native,  but  the  principal  ore  of  this  metal  is  a 
double  sulphide  of  copper  and  iron.  This  ore  is  first  roasted,  which 
process  transfoims  the  sulphide  of  iron  into  oxide  of  iron  and  sulphu- 
rous anhydride.  The  oxide  of  iron  passes  into  the  siliceous  scoriae  in 
the  state  of  fusible  silicate.  The  product  of  this  first  operation  is 
called  matt,  and  when  this  is  treated  in  precisely  the  same  manner  as 
just  described  it  is  entirely  deprived  of  iron,  and  gives  what  is  called 
white  matt.  * 

When,  again,  this  white  matt  is  roasted  impure  copper  is  obtained ; 
the  sulphide  of  copper  is  really  transformed  into  sulphurous  anhydride 
and  oxide  of  copper,  and  this  latter  reacts  on  the  undecomposed  sulphide, 
foiming  copper  and  sulphurous  anhydrida 

(Cu'S)     +     2(CuO)     =     4Cu     +     S0« 

Subsnlphido  Protoxide  of  Gopper.  Sulpburooa 

of  copper.  copper.  anbydiide. 

On  roasting  the  impure  copper  in  a  silex  kiln,  the  formation  of  a 
certain  quantity  of  oxide  takes  place,  which  entirely  eliminates  the 
sulphur,  at  the  same  time  the  oxides  of  the  foreign  metals  unite  with 
the  silex  of  the  kiln  and  form  silicates  which  pass  into  the  scoriae. 

Finally,  to  prevent  it  containing  oxide  it  is  melted,  charcoal  is  placed 
on  its  surface,  and  the  mass  is  stirred  with  green  wood.  The  carbon  gases, 
which  are  disengaged  under  the  influence  of  heat,  complete  the  reduc- 
tion of  the  oxide  of  copper  which  is  disseminated  in  the  metallic 
mass. 

These  two  last  operations  are  called  refining. 

Chemically  pure  copper  may  be  obtained  by  reducing  the  oxide  of 
this  metal  by  hydrogen. 

For  this  process,  pure  oxide  of  copper  is  placed  in  a  small  globe 
blown  in  the  middle  of  a  glass  tube  (fig.  34) ;  one  of  the  ends  of  this 
tube  communicates  with  an  apparatus  in  which  hydrogen  is  produced ; 
care  must  be  taken,  however,  to  interpose  a  drying  tube  between  the 
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globe  and  this  apparatus,  and  the  tube  is  allowed  to  communicate  freely 
with  the  atmosphere  by  its  other  extremity. 

When  the  hydrogen  has  passed  for  a  sufficient  length  of  time  for  the 
whole  of  the  air  to  be  expelled,  the  oxide  of  copper  is  heated  by  a 
spirit  lamp*,  water  is  formed,  and  the  copper  becomes  free. 


(Cu"0)     -f     g}     =     (^}0) 


+ 


Oxide  of 
copper. 


Hydrogen. 


Water. 


Cu" 

Copper. 


The  operation  is  complete  when  vapour  of  water  no  longer  passes  off. 


Fig.  34. 

Copper  is  red,  and  has  sufficient  malleability  to  enable  it  to  be  reduced 
into  ti*ansparent  leaves;  it  is  very  ductile  and  very  tenacious.  Its 
density  is  8*85. 

It  is  obtained  artificially,  crystallized  in  cubes,  which  form  it  also 
assumes  in  nature. 

Copper  when  rubbed  acquires  a  disagreeable  odour.  It  melts  at 
about  778°,  and  does  not  oxidize  in  dry  air  at  the  ordinary  temperature  ; 
when  heated,  it  oxidizes  without  incandescence,  and,  exposed  to  moist  air, 
it  becomes  covered  with  a  coating  of  hydrated  carbonate  of  copper  (ver- 
digris), but  this  coating  preserves  the  metal  from  further  alteration. 

Nitric  acid  acts  on  copper  when  cold,  and  sulphuric  acid  dissolves  it 
when  hot ;  in  the  first  case,  binoxide  of  nitrogen  and  nitrate  of  copper 
are  produced ;  and  sulphate  of  copper  and  sulphurous  anhydride  arc 
formed  in  the  second. 


1st. 


8 


Nitric  add. 


+     3Cu"      = 


Copper. 


Nitrate  of  copper. 


(11°) 


Water. 


+        2  (NO) 
Binoxide  of  nitrogeD. 


*  If  heat  were  applied  before  the  air  liad  been  expelled,  an  explosion  would  take 
place,  owing  to  the  explosive  mixture  which  would  form  in  the  globe. 
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2b4  2(^%\(y)  +   Cu"    =  (%,}(y)  +    2(]^}0)  +  (SC) 

Sulidiorlc  add.  Oopper.  Sulphate  of  Water.  Sulphuroas 

copper.  anbydride. 

In  presenoe  of  acids  copper  readily  absorbs  oxygen  from  the  air ;  it 
also  oxidizes  in  presence  of  ammonia  and  dissolves,  forming  a  beautiful 
blue  liquid. 

Copper  when  previously  heated  bums  in  chlorine,  forming  bichloride 
of  copper.  It  combines  directly  with  sulphur,  phosphorus,  arsenic, 
bromine,  and  most  metals. 

Copper  forms  two  series  of  compounds.  Being  biatomic,  it  can  com- 
bine directly  with  two  monatomic  radicles,  or  with  one  biatomic  radicle 
like  itself,  and  thus  be  saturated.  Thence  a  whole  series  of  com- 
pounds, known  as  per-compounds  or  cupric  compounds.    These  are : 

The  bichloride  of  copper     .  .  Cu"Cl' 

The  bibromide        „  .  .  Cu"Br» 

Thebifluoride  „  .  .  Cu'TP 

Perhydrate  of  copper  .  .  Cu"(OHy 

The  protoxide  of  copper      .  .  Cu"0 

The  protosulphide  of  copper  .  Cu"S 

and  the  different  oxygenated  per-salts  resulting  from  the  substitution  of 
the  radicles  of  acids  for  the  hydrogen  of  the  perhydrate. 

On  account  of  the  biatomicity  of  oopper,  it  may  also  happen  that  two 
atoms  of  this  metal  unite,  only  exchanging  with  one  another  a  single 
atomicity  and  forming  the  biatomic  group  Cu^,  as  the  following  figure 
shows : 

Cu 

QZT) 

OIIZ)     =     (Cu*)" 
Cu  ^      ^ 

The  group  Cu'  being  biatomic,  can  also  be  combined,  quite  as  well  as 
the  atom  Cu,  with  chlorine,  bromine,  iodine,  etc.,  and  as  the  combinations 
it  forms  are  of  sufficient  stabDity,  we  have  a  second  series  of  copper 
compounds,  known  as  sub-  or  cuprous  compounds,  in  which,  instead  of 
the  simple  atom  Cu",  the  group  Cu'  acts.     These  are  : 

The  protochloride Cu'CP 

The  protobromide Cu*Br* 

The  prot-iodide Cu»P 

The  protofluoride Cu'Fl" 

The  sub-oxide Cu-0 

The  sub-sulphide Cu'S 

and  very  instable  protosalts,  resulting  from  the  substitution  of  the 
biatomic  group  Cu'  for  an  equal  number  of  atoms  of  the  typical  hydrogen 
of  aoids. 
Besides  these  two  series  of  compounds,  copper  also  forms  with  oxygen 
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a  binoxide  (CuO*)  and  a  cuprio  acid,  the  oomposition  of  wbioh  has  not 
yet  been  exactly  determined. 

The  biatoinicity  of  oxygen  explains  how  several  atoms  of  this  body 
may  nnite  with  a  single  atom  of  copper :  two  atoms  of  oxygen  can  each 
exchange  one  atomicity  with  copper  and  one  with  each  other,  as  we 
see  by  the  following  figare : 


0 


I 

CCZID 
Cn 


0 


CuPRic  Compounds. 

Those  of  these  compounds  requiring  notice  are :  the  bichloride,  the 
protosulphide,  the  protoxide,  the  hydrate,  the  sulphate,  the  nitrate  and 
the  carbonates. 

Biohloride  of  Copper  (Cu"  j^,  j.— This  compound  is  formed  by  the 

direct  action  of  chlorine  on  copper ;  it  is  also  formed  when  the  protoxide 
is  dissolved  in  hydrochloric  acid. 

<"■■'  +  §!  -  (o."{© 

Copper.  Chlorine.  Perchlorlde  of 

oopper. 

(0.^)     +      .(gf)     .     (i(0)    +    (Cu"jO|) 

Protoxide  of  Hydrochloric  Water.  Bichloride  of 

copper.  add.  oopper. 

Bichloride  of  copper  is  soluble  in  water  and  in  alcohol ;  its  aqueous 
solution,  concentrated  by  heat,  on  cooling  deposits  hydrated  crystals 
which  have  for  formula  (Cu''CP  +  2  aq.)  These  crystals  have  the  form 
of  elongated  needles  of  a  greenish-blue  colour. 

The  alcoholic  solution  of  this  salt  bums  with  a  magnificent  green 
flame. 

ProtonQpliide  of  Ck>pper  (Gu"S). — This  body  does  not  exist  in  nature 
in  an  isolated  state ;  it  is  obtained  by  transmitting  a  current  of  sul- 
phuretted hydrogen  through  an  aqueous  solution  of  a  cupric  salt,  the 
bichloride,  for  instance : 

MS)  +  (?}s)  =  ^(Sl)  +  («°"8) 

Bichloride  of  Hydromlpharlc  Hydrochloric  Salf^ide 

oopper.  add.  add.  of  oopper. 

It  is  precipitated  in  the  form  of  a  black  mass  easily  affected  by 
air,  whose  oxygen  it  attracts,  and  is  converted  into  sulphate. 
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ProtoflQlpblde  Oxygen.  Sulphate  of 

of  oof^r.  copper. 

Protosulpliide  of  copper  loses  half  its  Btilphar  when  heated,  and  is 
transformed  into  sub-sulphide. 

4(CuS)       =       2(Cu«S)       +       1 1 

Protosolphlde  Sabsulphlde  of  Sulphur, 

of  copper.  copper. 

Protoxide  of  Copper  (CuO). — This  oxide  may  be  obtained,  1st,  by 
heating  copper  in  air :  a  layer  of  oxide,  which  is  easily  removed,  forms 
on  the  surfiEU)e  of  the  metal ;  2ndly,  by  calcining  the  nitrate  of  copper ; 
and,  3rdly,  by  heating  oupric  hydrate :  if  this  latter  body  be  boiled 
with  water,  it  will  become  dehydrated. 

Whatever  process  be  employed  in  its  preparation,  and  whatever 
slight  differences  there  may  be  in  the  physical  properties  of  the  oxide, 
which  may  be  more  or  less  compact,  this  compound  always  possesses  the 
following  properties  : 

It  is  a  black  amorphous  powder,  which  resists  a  very  high  tempera- 
ture without  decomposing,  and  without  melting.  But  when  too 
strongly  heated  all  the  mass  is  united  into  a  single  lump  of  very 
great  hardness,  which,  when  pounded,  has  a  yellowish  colour.  This 
oxide  appears  to  be  in  a  particular  allotropic  state.  M.  Lieben  has 
observed  that  it  can  then  be  aggregated  at  a  lower  temperature  than 
when  it  has  not  been  overheated.  It,  however,  loses  this  property  if 
it  be  heated  many  times  at  a  temperature  which  is  insufficient  to 
aggregate  it,  and  if  it  be  then  allowed  to  cool. 

Protoxide  of  copper  is  a  basic  anhydride,  which  enters  into  double 
decomposition  with  acids,  giving  per-salts.  It  is  much  used  in  labora- 
tories in  making  organic  analyses. 

Hydrate  of  Copper  (  m  f  ^  )* — This  hydrate  is  obtained  by  pre- 
cipitating the  solution  of  the  bichloride  or  sulphate,  or  any  other 
per-salt  of  copper,  by  an  alkaline  base.  The  precipitate  which  forms 
should  be  well  washed,  and  dried  at  the  ordinary  temperature;  its 
colour  is  dirty  blue. 

The  hydrate  of  copper  is  dehydrated  by  heat;  and,  if  the  liquor 
from  which  it  is  precipitated  be  boiled,  it  loses  water,  and  is  trans- 
formed into  anhydrous  oxide : 

(%]<^)  -  (11°)  +  M 

Copper.  Water.  Protoxide  of 

copper. 

Hydrate  of  copper  dissolves  in  ammonia,  forming  a  beautiful  blue 

solution. 

/SO*" )      \ 
Persulphate  of  Copper  (  q  */  [  0*  )• — This  substance  is  prepaid  in 
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the  laboratory  by  acting  on  hot  copper  by  concentrated  snlphuric  acid, 
dissolving  in  water,  and  crystaUizing. 

C    +  2(^|0-)     =    («0;}^)    +    2(H|o)    +    (30-) 

Copper.  Balpbario  Sulphate  of  Water.  Sulpbaroos 

add.  copper.  anhydride. 

The  residue  of  the  preparation  of  sulphurous  anhydride  is  thus  utilized. 
In  the  arts,  sulphide  of  copper  is  heated  in  air.  This  body  absorbs 
oxygen  from  the  air,  and  is  transformed  into  sulphate,  which  is  sepa- 
rated from  the  undecomposed  ore  by  lixiviation  and  evaporation. 

The  sulphate  of  copper  of  commerce  almost  always  contains  sul- 
phate of  iron :  the  best  method  of  obtaining  the  salt  free  from  iron 
consists  in  dissolving  it  in  water,  and  precipitating  it  by  sulphuretted 
hydrogen  from  the  solution  previously  acidulated.  The  copper  is  pre- 
cipitated alone :  this  precipitate,  well  washed,  and  exposed  to  contact 
with  air  and  water,  is  transformed  into  a  sulphate,  which  is  crystal- 
lized after  the  solution  has  been  filtered.  Sulphate  of  copper  is  known  in 
commerce  as  blue  vitriol  or  blue  copperas.  It  is  insoluble  in  alcohol, 
but  soluble  in  water ;  it  crystallizes  from  its  solution  in  the  latter 
liquid  in  blue  oblique  parallelopipeds.     These  crystals  are  hydrated, 

/SO*"  ]  \ 

and  have  for  formula  (  p  //  [  O*  +   5  aq.  j 

When  hydrated  sulphate  of  copper  is  heated  to  100°,  it  loses  4  aq., 
and  at  243°  it  loses  the  remainder,  and  becomes  anhydrous.  It  then 
forms  a  white  powder,  which  resembles  flour.  The  smallest  quantity 
of  water  restoring  it  to  its  blue  colour,  this  body  becomes  a  valuable 
test  for  the  presence  of  water. 

The  crystals  of  sulphate  of  copper  are  isomorphous  with  those  of  the 
sulphates  of  magnesium,  zinc,  and  cadmium,  when  these  contain,  like 
it,  five  molecules  of  water.  This  salt  forms  double  sulphates  with 
alkaline  sulphates.  It  combines  with  the  sulphates  of  magnesium,  zinc, 
the  sub-sulphate  of  iron,  etc.,  giving  crystals  which  contain  five  mole- 
cules of  water  when  the  copper  predominates,  and  seven  when  it  is  the 
other  metal  which  does  so:  these  crystals  are  always  isomorphous 
among  themselves  when  they  contain  tlie  same  quantity  of  water. 

When  strongly  heated,  the  sulphate  of  copper  is  decomposed  into 
oxygen,  sulphurous  anhydride,  and  protoxide  of  copper. 

If  this  salt  be  precipitated  by  an  insufficient  quantity  of  base,  an 
insoluble  basic  sulphate  is  produced,  which  is  green. 

When  a  quantity  of  ammonia  sufficient  to  dissolve  the  precipitate 
formed  is  added  to  a  solution  of  sulphate  of  copper,  and  alcohol  is 
afterwards  poured  into  the  blue  liquor  produced,  a  beautiful  blue  pre- 
cipitate is  obtained,  which  has  received  the  name  of  ammoniacal  sul- 

phate  of  copper,  and  whose  composition  is  (  ^^n  >  0",6NH*+H'0  j. 
Nitrate  of  Copper  (Gvl"  |  q^tqIY— Nitrate  of  copper  is  prepared  by 
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dissolying  the  metal  in  nitric  acid,  evaporating  the  liquid,  and  allow- 
ing it  to  cool.  The  salt  is  deposited  in  large  blue  hydrated  crystals, 
which,  when  heated,  first  melt  in  their  water  of  crystallization,  then 
this  water  is  vaporized,  and  the  anhydrous  nitrate  is  decomposed;  a 
green  basic  nitrate  first  forms,  the  decomposition  then  becomes  still 
more  complete,  and,  finally,  there  remains  a  residue  of  oxide  of  copper. 
CarbonateB  of  Copper. — The  carbonate  obtained  by  pouring  carbo- 
nate of  sodium  into  a  solution  of  sulphate  of  copper  is  a  dicupric 
carbonate,  and  is  bibasic.     Its  formula  is  : 

Cn"  j  0^    ^  I  (C«")'  ) 

I  A  f  CO"  I    =       CO"  vo* 

W {oh         I  H«  j 

This  body  has  the  same  composition  as  the  natural  carbonate  known 
as  malachite.  Malachite  is  of  a  beautiful  green  colour,  and  is  used  in 
compact  blocks  for  ornamental  purposes.  Where  it  abounds,  as  in 
Siberia,  for  instance,  malachite  is  used  as  a  copper  ore.  It  is  a  very 
rich  one. 

There  also  exists  native  a  hydrated  trioupric  carbonate  of  a  beauti- 
ful blue  colour,  known  as  chessylite. 

Finally,  the  verdigris  which  forms  on  the  surface  of  copper  is  also  a 
hydrated  carbonate  of  copper,  but  it  must  not  be  confounded  with  the 
verdigris  of  commerce,  which  is  the  sub-acetate  of  copper. 


Cuprous  Compounds. 

Frotoohloride  of  Copper  (Cu*Cl*). — The  most  simple  method  of 
preparing  this  body  consists  in  dissolving  metallic  copper  in  aquar 
regia  containing  an  extremely  small  quantity  of  nitric  acid,  and  adding 
water  to  the  solution ;  the  protochloride  of  copper  precipitates  in  the 
form  of  a  white  crystalline  powder.  This  compound  may  also  be  pre- 
pared by  dissolving  the  sub-oxide  of  copper  in  boiling  hydrochloric 
acid,  and  leaving  the  liquid  to  cool,  from  which  small  colourless  tetra- 
hedra  of  protochloride  of  copper  are  deposited. 

It  may  also  be  obtained  by  heating  perchloride  of  copper,  which 
loses  half  of  its  chlorine. 

2(^CuCl«)       =       ci)       +      (Cu«Cl«) 

Perchloride  Chlorine.  Chloride  of 

ofoopper.  copper. 

Chloride  of  copper  is  a  white  substance,  sparingly  soluble  in  water, 
but  soluble  in  hydrochloric  acid  and  in  ammonia ;  it  becomes  green  in 
the  air,  absorbing  oxygen  and  becoming  transformed  into  oxychloride 
(Cu*Cl*0)r.  It  also  absorbs  carbonic  oxide,  but  disengages  the  gas 
when  its  solution  is  boiled.  Cuprous  chloride  dissolved  in  ammonia, 
gives,  with  gaseous  carbides  of  hydrogen  of  the  series  C"H*"~",  explosive 
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precipitates,  which,  when  heated  with  hydrochloric  acid,  disengage  the 
hydrocarbide  whose  elements  they  contain.  This  property  is  utilized 
in  organic  chemistry. 

8ub-8ulphide  of  Copper  (Cu*S). — Snbsnlphide  of  copper  is  found 
native  in  beautiful  crystals  belonging  to  the  cubic  system.  They  are 
black,  and  have  a  slight  metallic  lustre  ;  they  are  soft  enough  to  be  cut 
with  a  knife,  and  melt  in  the  flame  of  a  taper.     Their  density  is  6*0. 

This  substance  is  prepared  artificially  by  calcining  copper  with  an 
excess  of  sulphur,  which  excess  evaporates  during  the  calcination. 
That  no  copper  may  be  left  unacted  on,  the  product  of  this  first  opera- 
tion is  pounded  and  again  calcined  with  sulphur. 

When  heated  in  air,  it  gives  sulphate  of  copper  if  the  temperature  be 
not  too  elevated ;  otherwise,  it  is  transformed  into  oxide  of  copper  and 
sulphurous  anhydride,  absorbing  oxygen.  When  the  sulphide  is  heated 
with  oxide  of  copper,  a  disengagement  of  sulphurous  anhydride  takes 
place,  and  a  residue  of  metallic  copper  is  left. 

(Cu'S)       +      2(CuO)      =       4Cu       +      (SO") 

Sub-snlpldde  Ftotozlde  Copper.  Snlphnrotu 

of  copper.  of  copper.  anhydride. 

Sub-oxide  of  Copper  (Cu*0). — This  substance  is  found  native.  It  is 
sometimes  found  in  compact  masses  and  sometimes  in  regular  octahe- 
dral crystals  of  a  red  colour ;  it  may  be  obtained  artificially  in  the 
form  of  a  red  powder  in  various  ways. 

If  acetate  of  copper  be  boiled  with  glucose,  a  red  crystalline  powder, 
the  sulfoxide  of  copper,  is  precipitated. 

In  the  arts  this  body  is  usually  prepared  by  calcining  a  mixture  of 

Sulphate  of  copper   ....     100  parts 
Dry  carbonate  of  sodium     .      .       28    „ 
Copper  filings 25    „ 

The  product  of  this  operation  must  undergo  frequent  washings. 

Sub-oxide  of  copper  melts  without  altering  when  heated  protected 
from  the  air ;  it  is  transformed  into  protoxide  when  heated  in  air. 

Hydrochloric  acid  enters  into  double  decomposition  with  it,  and  con- 
verts it  into  protochloride ;  this  oxide  is  therefore  a  basic  anhydride. 

Nitric  acid  yields  oxygen  to  it,  and  causes  it  to  pass  to  the  state  of 
pemitrate ;  strong  acids  decompose  it  into  metallic  copper  and  bin- 
oxide  of  copper,  which,  on  contact  with  these  acids,  gives  a  salt  of 
copper. 

(CH,)    +    (SS:'}0.)     .     en-    +    (n*')    +    (l}0) 

Oxide  of  Sulphuric  acid.  Copper.  Sulphate  of  Water. 

co]^r.  copper. 

Ammonia  dissolves 'this  oxide  without  becoming  coloured,  but  the 
solution  turns  blue  by  absorbing  oxygen  when  exposed  to  the  air. 

Distinotive  Characters  of  the  Salts  of  Copper. — The  salts  of  copper 
are  rec<^nized  in  analyses  by  the  following  properties  : 
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1st.  A  sheet  of  iron  plunged  into  a  solution  of  a  salt  of  this  metal 
becomes  covered  with  an  adhesive  coating  of  copper  of  a  beautiful  red 
colour. 

2nd.  Hydrosulphurio  acid  forms  in  these  solutions  a  precipitate 
insoluble  in  alkaline  sulphides,  and  which  is  not  produced  in  presence 
of  cyanide  of  potassium. 

The  per-salts  may  be  distinguished  from  the  sub-salts  : 

Ist.  With  sub-salts,  potash  gives  a  yellow  precipitate  insoluble  in 
an  excess  of  the  reagent.  Fer-salts  are  precipitated  of  a  dirty  blue 
colour  by  the  same  reagent,  and  the  precipitate  becomes  black  when 
boiled,  provided  that  the  potash  has  been  added  in  sufficient  quantity 
to  decompose  the  whole  of  the  salt  of  copper. 

2nd.  Ammonia  produces  in  per-  and  sub-salts  a  precipitate  soluble 
in  an  excess  of  the  reagent ;  but  with  per-salts  the  ammoniacal  solu- 
tion is  a  beautiful  blue,  while  with  sub-salts  this  solution  is  colourless, 
and  only  turns  blue  on  contact  with  air. 

All  the  salts  of  copper  are  poisonous :  the  best  antidote  for  poisoning 
by  preparations  of  copper  consists  in  administering  a  few  whites  of 
eggs  and  then  giving  an  emetic.  The  albumen  of  the  egg  forms  with 
the  copper  a  compound,  only  very  slightly  soluble,  and  thus  the 
absorption  of  the  metal  is  prevented  until  the  emetic  acts. 

It  has  been  proposed  to  substitute  iron  filings  for  albumen,  with  the 
idea  of  precipitating  the  copper  in  a  metallic  state ;  or  sulphide  of  iron, 
which  should  form  sulphide  of  copper. 

Copper  enters  into  several  common  alloys.  When  united  with  zinc 
it  constitutes  brass ;  with  tin  it  forms  bronze ;  and  we  have  seen  that 
the  silver  used  in  money  and  jewellery  is  alloyed  with  copper. 


MJBBCnBT  Hg. 

Atomic  weight  =  200.    Molecniar  weight  =  200.  i 

Mercury  is  found  native,  but  in  too  small  quantity  to  be  worked. 
It  is  chiefly  extracted  from  the  sulphide  of  mercury  or  cinnabar.  The 
principal  mines  worked  are  at  Almaden  in  Spain  and  at  Idria  in 
lUyria.  Though  the  metallurgic  processes  employed  vary  a  little  in 
different  places  in  the  arrangement  of  apparatus,  they  are  chemically 
reduced  into  a  single  one,  which  consists  in  roasting  the  ore.  The 
sulphur  passes  to  the  state  of  sulphurous  anhydride,  and  the  mercury 
is  liberated : 

(HgS)      +      gj       =      (so*)      +      Eg 

Sulphide  of  Oxygen.  SuiphnronB  Mercary. 

merctiry.  anhydride. 

Mercury  may  also  be  displaced  from  its  sulphide  by  heating  the 
latter  with  iron. 

(HgS)     -f     Fe     =     (FeS)     -f     Hg 

Sulphide  Iron.  Stilphldc  Mercury, 

of  mercury.  of  iron. 
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The  mercary  obtained  by  these  methods  is  filtered  through  wash- 
leather  and  placed  in  iron  bottles. 

In  order  to  obtain  the  metal  pure,  it  must  be  treated  by  a  quantity  of 
nitric  acid  insufficient  to  dissolve  it,  and  the  whole  left  for  twenty-four 
houi-s.  Nitrate  of  mercury  is  first  formed,  and  other  metals  are  after- 
wards substituted  for  the  mercury  of  this  nitrate.  After  twenty -four 
hours  all  these  metals  become  dissolved,  and  the  portion  of  mercury 
not  acted  on  remains  in  a  state  of  absolute  purity. 

Mercury  is  liquid  at  the  ordinary  temperature ;  it  is  solidified  at 
—40°  and  boils  at  350^  In  the  solid  state  this  metal  is  of  a  silver 
whiteness  ;  it  is  malleable,  and  crystallizes  in  octahedra ;  its  density 
is  14-4;  its  density  in  the  liquid  state  is  13*59,  and  its  vapour 
density  is  6 '976. 

Pure  mercury  does  not  adhere  to  porcelain  or  glass,  but  adheres  to 
these  substances  if  alloyed  with  lead  or  other  metals,  and  assumes  the 
form  of  small  elongated  drops. 

Mercury  oxidizes  slowly  in  the  air.  This  oxidation  becomes 
much  more  active  at  a  temperature  of  about  350°.  It  also  takes 
place  in  .the  cold  very  readily  in  presence  of  ozonized  oxygen. 
It  is  not  acted  on  by  hydrochloric  acid.  Kitrio  acid  rapidly  dis- 
solves it  :  when  cold,  and  in  presence  of  an  excess  of  metal,  sub- 
nitrate  of  mercury  is  formed ;  when  hot,  and  with  an  excess  of  acid, 
per-nitrate  is  produced.  Boiling  sidphuric  acid  dissolves  mercury, 
disengaging  sulphurous  anhydride.  According  to  whether  the  acid  or 
the  metal  predominate,  the  sulphate  formed  is  per-  or  sub-sulphate. 

In  presence  of  air  and  acids,  alkaline  chlorides  cause  mercury  to 
pass  to  the  state  of  chloride*  The  absorption  of  this  metal  by  the  skin 
is  explained  by  this  reaction. 

Chlorine,  bromine,  and  iodine  combine  directly  with  mercury  in  the 
cold.  Sulphur  also  can  enter  into  direct  combination  with  this  metal. 
Mercurial  compounds  capable  of  absorption  act  as  poisons  on  the 
animal  economy.  Workmen  who  breathe  mercurial  vapoura  are  gene- 
rally afi'ected  by  a  remarkable  tremulous  state  known  as  mercurial 
palsy. 

In  medicine,  mercurial  compounds  are  employed  with  success  in 
syphilis,  inflammation  of  the  membranes,  etc.,  etc. 

Mercury,  like  copper,  is  biatomic,  and  its  atoms,  like  those  of  copper, 
possess  the  property  of  combining  with  each  other,  losing  one  part  only 
of  their  capacity  for  saturation.  The  result  is,  that  not  only  the  atom 
Hg,  but  even  the  group  Hg"  acts  as  a  biatomic  radicle  and  can  enter 
into  combination  with  different  radicles. 

Compounds  into  which  the  atom  Hg  enters  are  called  per-compounds, 
and  those  into  which  the  group  Hg*  enters  take  the  name  of  sub- com- 
pounds. 

The  principal  per-compounds  are : 

The  bichloride  of  mercury   ....     HgCl* 

The  bibromide HgBr* 

s 
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Thebiniodide ^P 

The  bifluoride HgFl* 

The  peroxide HgO 

The  peraulphide HgS 

and  tbe  per-ulta  resnlting  &om  the  replaoentent  of  the  basio  bjdn^ien 
of  acids  by  the  biatomio  atom  Hg. 
The  principal  sub-componnds  are : 

The  protochloride  of  merouiy       .     .  Hg*Cl' 

The  protobromide "Hg^Bi^ 

The  prot-iodide Hg*!' 

The  Bub-oiide  or  oxydnle  ....  Hg*0 

The  snb-sulphide Hg'S 

and  the  eub-salta  which  result  from  the  substitution  of  the  biatomio 
radicle  H^  for  the  typical  hydrogen  of  aclda. 


PEB-CoHPOnNDB  OF  MEBCOBY   (MEBCDRIC  CoKFOOHDe). 

FerohloTide  of  Heronry  fHg"  |  q,Y— The  bichloride  of  mercury(cor- 

rosive  sublimate)  may  be  obtained  either  by  the  action  of  chlorine  on 
meroury,  or  by  the  distillation  of  a  mixture  of  common  salt  and  per- 
sulphate of  mercury, 

l.t.  Hg"       +      gj)       =       (Hg-jg) 

liaoirj.  Cblmiiie.  MarFiirlc 


This  distillation  takes  place  in  a  large  globe  heated  by  a  sand-bath 
(fig.  35) ;  the  bichloride  is  sublimed  and  deposited 
on  the  cold  upper  part  of  tbis  vase. 

As  the  mercuric  almost  ^Iways  contains  a  little 
merourona  sulphate,  which  would  give  protochloride 
(Hg'Cl*)  on  reacting  with  chloride  of  sodium, 
when  this  second  method  ia  employed  a  little  bin- 
oxide  of  manganese  is  added  to  the  mixture.  On 
contact  with  the  chloride  of  sodium  and  the  excess 
of  acid  contained  in  the  mercurio  sulphate,  this 
binoxide  gives  rise  to  a  slight  disengagement  of 
chlorine,  which  causes  the  smaU  quantity  of  pro- 
''*  "'■  tochloride  formed  to  pass  to  the  state  of  bichloride. 
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(HgH31«)    +     ci}     =     2(Hg"Cl«) 

Protocfaloride  Chlorine  Bichloride 

of  XMrcoiy.  of  nwrccuy. 

Bichloride  of  mercury  is  dissolved  in  greater  proportion  in  boiling 
water  than  in  cold.  Alcohol  dissolves  it  better  than  water,  and  ether 
better  than  alcohol ;  its  alcoholic  solution  leaves  it,  by  evaporation, 
crystallized  in  right  prisms  having  a  rhomboid  base ;  by  sublimation  it 
crystallizes  in  rectangular  octahedra ;  its  density  is  6  *  5,  its  fusing  point 
is  265^,  its  boiling  point  is  295%  and  its  vapour  density  9  *  42. 

On  cansing  a  reducing  body  such  as  protochloride  of  tin,  to  act  on  a 
solution  of  corrosive  sublimate,  a  white  precipitate  of  protochloride  of 
mercuiy  is  obtained ;  if  the  mixture  be  boiled,  the  protochloride  is 
reduced  to  the  state  of  metallic  mercury. 

When  a  solution  of  corrosive  sublimate  is  poured  into  ammonia,  a 
white  precipitate  is  formed  which  is  called  amido-chloride  of  mercury, 


and  which  has  for  formula 


/Hg''|N».ClM 


If,  on  the  contrary,  ammonia  be  poured  into  the  solution  of  sub- 
limate, an  equally  white  body  precipitates  whose  formula  is 
((HgCl")*,Hg"H^N*)  :  this  latter  body  may  be  regarded  as  a  combination 
of  bichloride  and  amide  of  mercury. 

Albumen  gives  an  insoluble  precipitate  with  the  sublimate,  the  com- 
position of  which  is  not  well  understood,  and  appears  to  vary  with  the 
time  it  has  been  kepK 

Corrosive  sublimate  has  a  great  tendency  to  form  double  chlorides 

with  alkaline  chlorides.  The  sodium  salt  has  for  formula    M^A,  2(  rn  [  )• 

Corrosive  sublimate  is  a  violent  poison,  the  best  antidote  for  which 
consists  in  administering  whites  of  eggs,  and  then  an  emetic.  The  albu- 
men rendering  the  sublimate  insoluble,  arrests  its  absorption  until  the 
emetic  act&  The  action  of  corrosive  sublimate  on  albumen  makes 
this  salt  useful  for  the  preservation  of  animal  matters. 

Corrosive  sublimate  is  one  of  the  compounds  used  as  basis  for  the 
pharmaceutical  mercurial  preparations. 

Meronrie  Bromide  (^g"]^^)' — Mercuric  bromide  is  prepared  by 

the  same  methods  as  the  chloride  and  possesses  analogous  properties. 

Biniodide  of  Mercury  (Hg"  <  j  j  may  be  prepared  either  directly, 

or  by  double  decomposition.  To  prepare  it  directly  200  parts  of  mercuiy 
are  triturated  in  a  mortar  with  264  parts  of  iodine ;  to  facilitate  tlie 
operation  a  little  alcohol  is  added,  and  the  trituration  is  continued  until 
the  mass  assumes  a  beautiful  red  colour  and  until  no  globule  of  metallic 
mercury  can  be  distinguished  by  a  magnifying  glass. 

By  double  decomposition,  an  aqueous  solution  of  318  parts  of  iodide 
of  potassium  are  poured  into  an  aqueous  solution  of  271  parts  of  cor- 

s  2 
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rosive  sublimate ;  u  beautiful  orange-red  precipitate  forms,  which  is  the 
biniodide  of  mercury. 

Bichloride  of  Iodide  uf  Chloride  of  Biniodide  of 

mercuiy.  potoasium.  potaasium.  mercury. 

If,  instead  of  employing  the  atomic  proportions  we  have  just,  indicated, 
an  excess  of  either  reagent  were  used,  the  precipitate  would  again 
dissolve. 

When  biniodide  of  mercury  is  dissolved  in  a  boiling  solution  of  iodide 
of  potassium,  part  of  it  is  deposited  crystallized  on  cooling;  the 
crystals  thus  obtained  are  red. 

Biniodide  of  mercury  is  suflSciently  volatile  to  be  sublimed ;  in  this 
case  yellow  crystals  are  deposited,  which  become  red  if  pulverized  : 
heat  is  disengaged  during  this  latter  transformation.  The  yellow 
crystals  of  biniodide  of  mercury  belong  to  the  fourth  crystalline 
system,  while  the  red  ones  belong  to  the  second ;  this  salt  is  therefore 
dimorphous. 

The  biniodide  of  mercury  is  principally  used  in  medicine  for  out- 
ward applications,  nevertheless  it  is  contained  in  some  preparations 
that  are  taken  internally. 

Biniodide  of  mercury  combines  with  alkaline  iodides ;  the  formula  of 
these  double  iodides  is : 

r^  (■<?()) 

Mercuric  Bolphide  (Hg"S). — This  substance  may  be  prepai-ed  by 
heating  sulphur  and  mercury  together,  or  by  precipitating  a  per-salt 
of  mercury  by  sulphuretted  hydrogen. 

Bichloride  of  Sulphuretted  Hydrochloric  Mercuric 

mercury.  hydrogen.  acid.  sulphide. 

In  the  latter  case,  the  sulphide  of  mercury  forms  a  black  mass. 
This  mass,  dried  and  heated  in  globes  with  open  necks,  is  volatilized 
and  deposited  on  the  cold  parts  of  these  globes  in  reddish-violet  crystals. 
These  crystals  are  identical  with  those  found  native,  and  like  these 
latter  they  are  called  cinnabar.  The  mercuric  sulphide  is  therefore 
dimorphous  like  the  iodide ;  it  volatilizes  at  an  elevated  temperature 
without  decomposing  if  the  operation  be  conducted  without  exposure 
to  the  air ;  in  a  current  of  air  it  is  converted  into  mercury  and  sul- 
phurous anhydride. 

(Hg"s)      +      g|      =      (so*)      +      Hg" 

Sulphide  of  Oxygen.  Sulphurous  Mercury, 

mercniy.  anhydride. 

The  density  of  natural  cinnabar  is  8*1,  and  that  of  artificial  cinnabar 
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may  descend  to  7 '65.  The  crystals  of  cinnabar  deviate  the  plane  of 
polarized  light  to  the  left ;  it  is  very  possible  that  some  day  crystals  of 
the  same  substance  may  be  found  which  will  be  dextrogyi-ate. 

There  is  one  vstfiety  of  mercuric  sulphide  which  is  of  a  much  purer 
red  than  cinnabar.  This  variety  is  known  as  vermilion,  and  is  prepared 
by  triturating  for  seveiul  hours  a  mixture  composed  of 

Mercury 300  parts. 

Sulphur 114r    „ 

Water 400     „ 

Potash 76     „ 

The  mass  which  forms  is  black,  but  it  becomes  a  beautiful  red  after 
exposure  for  some  time  to  a  temperature  of  60°. 

The  beautiful  shade  of  vermilion  is  attributed  to  the  action  of  the 
alkaline  sulphide  which  forms  in  the  reaction.  Vermilion  and  cinna- 
bar are  used  in  painting. 

Merourio  Oxide. — There  are  two  varieties  of  oxide,  as  of  sulphide 
and  iodide  of  mercury;  one  of  these  is  yellow  and  the  other  red. 
The  yellow  oxide  of  mercury  is  obtained  by  precipitating  a  mercuric 
salt  by  a  soluble  base. 

(H^'{g)  +  .(|}0)=.(^,})  +  (V0)  +  (f}0)     . 

Chloride  of  Potaah.  Chloride  of  Mercuric  Water, 

mercury.  potasolum.  oxide. 

The  precipitate  thus  obtained  is  anhydrous :  it  is  collected  on  a 
filter,  washed  and  dned. 

The  red  oxide  may  be  prepared  either  by  heating  mercury  in  air,  or 
by  slightly  calcining  per-  or  sub-nitrate  of  mercury;  the  oxide  obtained 
by  means  of  the  pemitrate  is  redder  than  that  arising  from  the  calci- 
nation of  the  subnitrate. 

The  process  by  heating  mercury  in  air  is  no  longer  employed.  It  is 
from  it  that  the  name  of  precipitate  per  se  was  applied  to  the  binoxide 
of  mercury. 

Mercuric  oxide  decomposes  at  400° ;  so  that,  between  the  tempera, 
tnre  at  which  the  metal  oxidizes  and  that  at  which  it  is  reduced,  the 
difference  is  scarcely  more  than  60°. 

One  part  of  this  oxide  appears  to  dissolve  in  20,000  to  30,000  parts 
of  water :  the  solution  does  not  affect  litmus ;  but  if  sea  salt  be 
added,  chloride  of  mercury  and  hydrate  of  sodium  form,  and  a  strongly, 
alkaline  reaction  is  then  manifested. 

Blue  light  seems  to  reduce  the  binoxide  of  mercury,  but  white  light 
does  not  alter  it. 

The  yellow  oxide,  when  left  in  a  bottle  with  ammonia,  combines  with 
the  elements  of  this  body  without  changing  colour :  the  product  thus 
formed  is  a  powerful  base  which  combines  with  acids  without  decom- 
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position,  forming  well-defined  salts.  These  salts  have  reoeived  the 
name  of  ammonio-mercoric  salts.    The  base  answers  to  the  formtda 

(Hg"0)»N*Hg"H*     +     3(H«0) 

By  admitting  that  the  water  it  contains  is  water  of  crystallization,  the 
ammonio-mercuric  oxide  may  be  represented  by  the  following  formula : 

Hg" 
Hg"OH)' 

'Hg"OHY  yN«  +  3aq. 

^Hg"Om' 

This  wonld  be  an  ammonia  twice  condensed,  in  which  biatomio  Hg'' 
would  take  the  place  of  H',  and  in  which  SH  wonld  be  replaced  three 
times  by  the  monatomic  residue  (Hg^OH). 

O 
,^^f   =  (Hg"OH)' 
Hg    H 

Fer-Nitrate  of  Mercury  (Hg"  Jqjjq«)- — When  mercury  is  dissolved 

in  an  excess  of  boiling  nitric  acid,  and  the  concentrated  liquid  is 
evaporated  spontaneously  in  vacuo,  crystals  of  basic  per-nitrate  of 
mercury  form,  and  the  liquid  retains  in  solution  the  uncrystallizable 
neutral  nitrate  of  mercury ;  water  precipitates  another  basic  nitrate 
from  this  liquid. 

Fer-Sulphate  of  Meronry  f  u^r[0']. — This  salt    is    prepared    by 

causing  an  excess  of  boiling  sulphuric  acid  to  act  on  metallic  mercuiy. 
The  salt  is  deposited  in  the  form  either  of  a  crystalline  powder  or  in 
small  needles.  Water  decomposes  it,  forming  a  basic  salt  known  as 
turpeth  mineral,  which  when  boiled  for  a  long  time  in  water  loses  the 
elements  of  sulphuric  anhydride  and  leaves  a  I'esidue  of  binoxide  of 
mercury.    The  formula  of  turpeth  mineral  is  : 

SO*" 


Mercitrous  Compounds. 

Frotochlorlde  of  Mercury  (Calomel)  (Hg'Cl.)  —  Protochloiide  of 
mercury  may  be  obtained  either  by  triturating  the  bichloride  with 
mercury,  or  by  distilling  the  subsulphate  of  mercury  with  chloride  of 
sodium. 

l8t  (Hg"Cl»)     +     Hg"     =     (Hg«01«) 

Bichloride  Mercui7.  Protochloiide 

of  mercury.  of  mercury. 
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Subsalpbate  of  Chloride  of  Salphatoof  MercaToui 

mercaiy.  aodlmiL  sodioin.  cblortde. 

This  salt  may  also  be  prepared  by  precipitating  a  soluble  sub-salt  of 
mercury  by  hydrochloric  acid,  or  by  a  chloride  dissolved  in  water. 

MercQTOitt  nitrate.  Hydrochlorio  Mercnrous  Mitricadd. 

add.  chloride. 

When  cilomel  is  distilled,  and  its  vapour  received  into  an  apparatus 
full  of  air,  this  fluid  is  interposed  between  the  molecules  at  the  time  of 
their  solidification,  and  a  powder  precipitates  which  is  called  vaporized 
calomel,  l)ecause  formerly  vapour  of  water  was  substituted  for  air  in 
this  operation. 

Calomel  acts  as  a  purgative,  and  when  given  in  small,  and  often- 
repeated  doses,  it  occasions  mercurial  salivation. 

Mercunus  chloride  crystallizes  by  sublimation  in^  prisms  having  a 
square  bate  and  terminated  by  octahedral  points.  These  prisms  belong 
to  the  second  system.  The  protochloride  of  mercury  is  white ;  it  de- 
compose?  into  mercury  and  corrosive  sublimate  when  exposed  to  light. 

(HgfCP)     =     (HgCP)     +    Hg 

Protochloride  Corrosive  Mercury, 

of  mercury.  saUimate. 

A  simiUr  decomposition  appears  to  take  place  when  it  is  vaporized ; 
calomel  is,  in  fact,  one  of  those  bodies  the  vapour  densities  of  which 
seem  to  be  exceptions  to  Ampere's  law,  its  density  being  half  what 
it  ought  to  be.  This  anomaly  is  explained,  like  that  of  the  chloride 
of  ammonium,  by  admitting  that  dissociation  takes  place. 

Calomel  is  insoluble  in  water,  alcohol,  or  ether. 

Nitric  and  hydrochloric  acids  attack  it.  By  nitric  acid  it  is  con- 
verted into  a  mixture  of  bichloride  and  per-nitrate ;  while  by  hydro- 
chloric acid  it  is  wholly  converted  into  bichloride. 

When  heated  with  alkaline  chlorides,  calomel  is  transformed  into 
corrosive  sublimate.  This  action  can  even  be  produced  at  38®  or  40®, 
if  organic  matters  intervene,  especially  in  presence  of  acids  and  the 
oxygen  of  the  air.  This  is  a  very  important  fact :  the  stomach  alwaj  s 
oontaining  acids,  air,  and  organic  matters,  we  must  avoid  giving  alka« 
line  chlorides  at  the  same  time  as  calomel,  or  there  may  be  danger  of 
producing  the  poisonous  sublimate  in  the  stomach. 

On  contcust  with  ammonia,  calomel  is  transformed  into  a  black  sub- 
stance answering  to  the  formula 

(h^'|n«C1M         =         (Hg^N'n\ClM 
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Protobromide  of  Mercury  (Hg^'Br")  is  prepared  like  the  protochlo- 
ride,  and  possesses  analogous  properties  ;  it  is  not  used. 

Frot-iodide  of  Mercury  (Hg*"I". — This  salt  may  be  obtained  by 
precipitating  mercurous  nitrate  by  iodide  of  potassium. 

Mercarous  nitrate.  Iodide  of  Nitrate  of  Prot-iodlde 

potasium.  potafistom.  of  mercury. 

But,  as  mercurous  nitrate  is  always  acid,  iodine  is  liberated  during 
the  reaction,  and  this  iodine  causes  one  portion  of  the  proi-iodide  to 
pass  to  the  state  of  biniodide. 

In  order  to  obtain  the  prot-iodide  pure,  it  is  better  to  triturato 
200  parts  of  mercury  with  127  parts  of  iodine  under  alcohol. 

The  prot-iodide  of  mercury  is  greenish-yellow.  When  suddenly 
heated  it  volatilizes  without  decomposing ;  when  slowly  heated,  on  the 
contrary,  it  abandons  half  its  metal,  and  passes  to  the  stata  of  bin- 
iodide. 

The  prot-iodide  of  mercury  is  insoluble  in  water,  alcohol,  dr  ether; 
heated  with  alkaline  iodides,  it  gives  mercury,  at  the  same  tine  form- 
ing biniodide,  and  consecutively  a  double  iodide. 

Subsulphide  of  Mercury  (Hg"S). — This  body  is  very  instable ;  it  is 
formed  when  a  soluble  mercurous  salt  is  precipitated  by  lydrosul- 
phuric  acid. 

M™?)  +  (ifs)   .    .(«»•)  0)  +  (is-s) 

Mercarona  nitrate.  Hydroaulphoric  Nitric  add.  Movunma 

add.  suLphide. 

But  it  decomposes  almost  immediately  into  metallic  mercury  and  mer- 
curic sulphide. 

(Hg^'S)     =     Hg    +     (Hg"S) 

Subsniphide  of  Mercury.  Mercnrio 

mercuiy.  sulphide. 

The  subsulphide  of  mercury  is  of  a  black  colour. 
Suboxide  of  Mercury  (Hg^'O). — The  suboxide  is  a  black  powder 
obtained  by  precipitating  the  subnitrate  by  potash : 

MSP  +  Hi }  o)  -  2(T}  o)  +  (1 }  o)  +  M) 

SuVmitrateof  Potash.  Nitrate  of  Water.  Suboxide  of 

mercury.  potassium.  mercury. 

It  is  quite  as  instable  as  the  subsulphide,  and  decomposes  in  the 
same  manner,  that  is  to  say,  into  mercury  and  mercuric  oxide. 

(Hg"'©)       =       (Hg"0)       +       Hg 

Suboxide  of  Mercuric  Mercury, 

mercury.  oxide.   . 

Mercurous  Nitrate  (^^ff*"  f  ^*)-— '^'^^^    is    prepai-ed    by    leaving 


ANALYTIC  EEACTIONS  OF  MEKCURIAL  SALTS.      265 

mercury  in  an  excess  of  cold  dilute  nitric  acid.  After  a  short  time 
beautiful  crystals  deposit,  which  are  derived  from  an  oblique  rhomboid 
prism.  This  salt  dissolves  in  a  small  quantity  of  water ;  if  the  water 
be  in  excess,  a  basic  salt  is  precipitated,  and  part  of  the  neutral  salt 
remains  dissolved  by  means  of  the  nitric  acid  liberated. 

If  the  dilute  nitric  acid  be  left  with  a  great  excess  of  mercury  in  the 
cold,  a  condensed  salt  is  formed,  which  presents  large  colourless  crys- 
tals ;  the  formula  of  this  salt  is : 


(SO*" )      \  • 

TT^/  >  0*  j. — This  salt  is  only  used  in 

the  preparation  of  calomel ;  in  order  to  obtain  it,  mercury  is  con- 
verted into  persulphate,  which  is  then  triturated  with  a  quantity'  of 
the  metal  equal  to  that  already  employed. 

Analytic  Beaotions  of  Merourial  Baits. — These  salts  are  recognized 
by  the  following  characters : 

1st,  With  hydrosulphuric  acid  they  give  a  black  precipitate,  which 
is  insoluble  in  sulphide  of  ammonium  and  in  boiling  nitric  acid. 

2nd.  A  sheet  of  copper  causes  a  deposit  of  mercury  with  which  it  is 
amalgamated,  becoming  white.  It  regains  its  original  colour  when 
heated  so  as  to  vaporize  the  mercury.  If  the  operation  be  conducted 
80  that  the  vapours  are  condensed,  quicksilver  can  be  obtained. 

The  following  characteristics  distinguish  per-salts  of  mercury  from 
sub-salts  of  the  same  metal : 

1st.  Caustic  alkalies  and  ammonia  in  the  solutions  of  sub-salts  form  a 
black  precipitate  of  sub-oxide  of  mercury,  which  decomposes  almost 
instantaneously  into  mercury  and  mercuiic  oxide  : 

(Hg*0)       =       (HgO)       +      Hg 

Sab-oxide  of  Mercuric  Mercrny. 

mercury.  oxide. 

Per-salts,  on  the  contrary,  with  alkalies,  give  a  yellow  precipitate 
of  the  mercuric  oxide,  which  is  stable  at  the  ordinary  temperature. 

2nd.  Soluble  chlorides  and  hydrochloric  acid  cause  the  formation  of 
a  white  precipitate  of  protochloride  of  mercury  in  the  solutions  of  sub- 
salts,  and  do  not  affect  those  of  the  per-salts. 

3rd.  Soluble  iodides  with  sub-salts  give  a  greenish-yellow  precipitate 
of  prot-iodide,  while  with  pernsalts  they  give  an  orange-red  precipi- 
tate soluble  in  an  excess  of  the  mercurial  salt  or  of  the  alkaline 
iodide. 
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GENERAL  EEMARKS  ON  THE  BIATOMIC  METALS. 

The  biatomicity  of  the  metals  just  spoken  of  is  only  manifested  if 
we  allow  them  the  atomic  weights  which  we  have  assigned  to  them. 
If,  on  the  contrary,  the  old  atomic  weights  were  used,  the  biatomicity 
of  these  metals  would  disappear ;  hence  it  is  of  great  importance  that 
our  actual  atomic  weights  should  be  established  on  a  firm  basis. 

These  atomic  weights  are  all  based  upon  the  great  laws  previously 
explained.  All  methods  give  corresponding  results  which  corroborate 
each  other. 

1st.  These  atomic  weights  are  all  deduced  from  Dulong  and  Petit's 
law  on  specific  heat,  and  this  without  any  exception. 

2nd.  With  the  organic  radicle  ethyl,  mercury  forms  a  compound 
which  evidently  contains  two  molecules  of  ethyl,  seeing  that  the 
half,  and  never  less  than  the  half,  of  this  radicle  can  be  replaced  by 
chlonne,  bromine,  or  iodine. 

Moreover,  if  after  having  substituted  chlorine,  bromine,  or  iodine, 
for  one  molecule  of  ethyl,  a  second  atom  of  these  simple  bodies  be 
substituted  for  the  second  molecule  of  this  compound  radicle,  we 
obtain  chloride,  bromide,  or  iodide  of  mercury,  in  which  we  thus  find 
ourselves  constrained  to  admit  two  atoms  of  chlorine,  bromine,  or 
iodine.  This  conclusion  is  also  confirmed  by  the  vapour  density  of 
bichloride  of  mercury,  and  by  the  molecular  weight  thence  deduced 
for  this  compound. 

The  bichloride  of  mercury  gives  rise  to  very  distinct  double  decom- 
positions, in  which  other  mercurial  compounds  of  the  same  degree, 
such  €U9  the  peroxide  and  per-salts,  are  produced.  In  all  these  com- 
pounds it  is  always  the  same  quantity  of  mercury  which  enters  into 
the  reaction. 

It  is  true  that  it  is  possible  to  transform  the  bichloride  of  mercury 
into  protochloride.  But  in  this  transformation  a  body  is  obtained  in 
which  at  least  the  same  quantity  of  mercury,  and  probably  double  the 
quantity,  acts. 

It  results  from  these  facts  that  the  smallest  quantity  of  mercury  that 
can  be  transferred  from  one  combination  to  another  by  means  of 
double  decomposition  is  equal  to  200,  or,  in  other  words,  that  200  is 
the  atomic  weight  of  mercury. 

3rd.  Copper  foims  two  degrees  of  combination  which  present  the 
strictest  relations  with  the  mercurial  compounds  of  the  same  order. 
We  thence  conclude  that  these  compounds  have  the  same  formula 
as  those  of  mercury.  Hence  the  bichloride  of  copper  ought  to  be 
written  (CuCl"),  and  from  this  formula  the  atomic  weight  63  for 
copper  is  deduced. 

4th.  The  sulphate  of  copper  is  capable  of  forming  double  sulphates 
with  alkaline  sulphates.     These  double  sulphates  are  isomorphous  with 
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the  Baits  of  the  same  nature  having  for  base  cadmium,  zinc,  magne- 
sium, strontium,  barium,  and  probably  calcium,  though  at  present  ex- 
perimental proof  is  wanting  for  the  latter  metal:  all  these  salts 
crystallize  with  six  molecules  of  water. 

The  salts  of  the  preceding  metals  are  also  isomorphous  with 
other  salts,  such  as  the  simple  sulphates,  which  crystallize  sometimas 
with  seven,  sometimes  with  five  molecules  of  water,  and  which  pre- 
sent the  same  forms  when  they  contain  the  same  quantity  of  water. 
With  many  of  them  isomorphism  is  observed  between  their  car- 
bonates, chlorates,  bromates,  tungstates,  etc. 

From  the  isomorphism  existing  between  the  compounds  of  the  different 
metals  we  have  named,  we  must  conclude,  according  to  Mitscherlich's 
law,  that  these  compoimds  ought  to  be  represented  by  similar  formula), 
from  which  the  atomic  weights  we  have  adopted  for  these  metals  are 
deduced,  and  which  are  in  accord  with  their  capacity  for  heat.  Thus 
the  conclusions  drawn  from  the  vapour  densities,  those  drawn  from 
Dulong  and  Fetit*s  law,  those  drawn  from  Mitscherlich's  law,  and 
those  based  on  chemical  resemblances,  all  concur  in  making  us  believe 
that  the  new  atomic  weights,  as  well  as  the  biatomicity  of  the  metals 
we  have  just  studied,  are  correct. 

Owing  to  the  isomorphism  of  the  compounds  of  magnesium  with 
those  of  copper,  cadmium,  zinc,  calcium,  barium,  and  strontium,  the 
term  magnesian  series  has  been  applied  to  these  metals,  and  certain 
tetratomic  metals,  such  as  manganese,  iron,  nickel,  and  cobalt,  have 
been  added  to  this  series.  These  latter  bodies  form  non-saturated  sub- 
compounds,  which  are  represented  by  the  same  formulae  as  those 
of  the  preceding  metals,  and  are  isomorphous  with  them.  Neverthe- 
less, these  four  metals  being  completely  separated  from  the  others  by 
their  per-compounds,  ought  to  be  placed  in  a  different  group ;  their 
isomorphism  with  the  true  magnesian  metals  is  not  the  less  in 
&vour  of  the  formulae  by  which  their  sub-compounds  are  represented, 
and  consequently  of  the  atomic  weights  thence  deduced. 


THIRD  CLASS  (TBI ATOMIC  METALS.) 

This  class  contains  gold,  vanadium,  and  thallium.    Gold  alone  has 
sufficient  importance  to  require  our  notice. 


aoiiD  ^""A 


Au'" 
Au' 

Atomic  wei(^t  =s  196*5.    Probable  molecnlar  weight  =  393-0. 

Oold  is  found  native;  sometimes  crystallized  regularly  in  cubes 
or  in  octahedra,  sometimes  in  isolated  masses  which  are  called  nuggets; 
occasionally  it  is  pure,  but  generally  it  is  alloyed  with  silver,  pla* 
tinum,  rhodium,  etc. 
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Metallic  merotiry  is  made  to  act  on  the  ore,  and  the  gold  and  fdlver 
are  thereby  dissolved  :  on  distilling  the  amalgam,  an  alloy  of  these  two 
latter  metals  is  obtained ;  and  this  alloy,  when  heated  for  twenty-fonr 
or  thirty  hours  with  a  mixture  of  sea  salt  and  brick-dust,  loses  almost 
the  whole  of  its  silver.  The  silver  passes  to  the  state  of  chloiide, 
whence  it  is  extracted  by  the  processes  which  we  have  described.  It 
is  probable  that  in  this  operation  the  silica  acts  on  the  sea  salt  at  the 
same  time  as  the  atmospheric  moisture,  and  that  hydrochloric  acid  is 
produced,  which  causes  the  silver  to  pass  to  the  state  of  chloride. 

The  best  method  of  obtaining  perfectly  pure  gold  consists  in  pre- 
paring the  chloride  by  dissolving  this  metal  in  aqua  regia,  and  pouring 
a  solution  of  protOHSulphate  of  iron  and  a  little  hydrochloric  acid  into 
the  solution  of  the  salt ;  very  pure  gold  precipitates  in  the  form  of  a 
brown  powder,  which  may  be  aggregated  by  fusion. 

GK)ld  is  yellow,  or,  rather,  red  when  the  light  is  reflected  several 
times  on  its  surface  before  reaching  the  eye;  when  seen  by  trans- 
mitted light  it  has  a  green  shade. 

Aqua  regia  easily  dissolves  it  when  hot ;  selenic  acid  also  attacks 
it,  but  no  other  acid  has  any  action  on  it.  Chlorine  and  bromine  act 
upon  it  even  cold. 

Gold  melts  at  about  1100°;  its  density  is  19*5;  it  is  the  most 
malleable  and  the  most  ductile  of  all  metals ;  its  tenacity  is  less  than 
that  of  iron,  copper,  platinum,  or  silver.  It  is  very  soft,  but  may  be 
hardened  by  hammering :  in  order  to  facilitate  its  working,  it  is  usually 
alloyed  either  with  silver  or  copper. 

Gold  being  triatomic  may  combine  either  with  three  monatomic 
atoms,  forming  a  saturated  compound,  or  with  only  one  of  these  atoms, 
giving  a  non-saturated  compound.     We  know  : 

The  protochloride  of  gold         AuCl. 

The  prot-iodide  of  gold Aul, 

The  perchloride  of  gold Au'"Cl'. 

The  perbromide  of  gold Au'"Bi*,  etc. 

As  an  uneven  number  of  atoms  of  chlorine  could  not  be  replaced  by 
oxygen  and  biatomic  bodies  in  general,  two  atoms  of  gold  intervene  in 
the  oxides  and  sulphides  of  this  metal.     We  know: 

A  protoxide  of  gold A^  f  ^ 

And  a  sesquioxide A^i  ^ 


Au) 
A  protosulphide  of  gold  .....    ^  S 

And  a  sesquisulphide A    f^' 


(a.™|)-t 


Perchloride  of  Gold  (  Au'"^  CI  j. — The  perchloride  of  gold  is  pre- 
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pared  by  dissolviiig  the  pure  metal  in  aqua  r^ia,  and  then  evaporat- 
ing by  the  water-bath;  if  the  operation  be  arrested  as  soon  as  the 
cooled  liquid  commences  to  give  crystals,  needles  deposit,  which  are  a 
compound  of  hydrochloric  acid  and  chloride  of  gold.  If,  on  the 
contrary,  the  heat  be  continued  until  the  evaporation  is  complete,  a 
yellow  melted  matter  is  obtained,  which  on  cooling  forms  crystalline 
needles. 

At  160°,  the  perchloride  of  gold  loses  two-thirds  of  its  chlorine,  and 
is  transformed  into  the  protochloride,  insoluble  in  water ;  above  200°, 
this  protochloride  is  itself  reduced,  and  there  remains  metallic  gold. 

Perchloride  of  gold  is  very  soluble  in  water,  to  which  it  gives  a 
beautiful  yellow  colour :  on  shaking  this  solution  with  ether,  the 
latter  becomes  coloured,  taking  up  the  chloride  of  gold,  while  the 
water  regains  its  original  colour.  The  perchloride  of  gold  is  there- 
fore still  more  soluble  in  ether  than  in  water.  Light  slowly  decomposes 
it:  metallic  gold  is  deposited  on  the  sides  of  vessels  containing  this 
salt.  Seducing  bodies  such  as  proto-salts  of  iron,  oxalic  acid,  etc., 
also  decompose  the  perchloride  of  gold,  liberating  the  metal : 


2  (^Au'"Cl») 

Perchloride 
of  gold. 


6 


(^: )  ^) 


6 


(1!°) 


Sulphate  of  iron. 


Water. 


=        3 


/(S0«'7    ]        \ 

Bailc  penalptaate 
(Viron. 


6 


(SI) 


Hydrochloric 
add. 


Au'" 
Au'" 

Gold. 


} 


2(aoC1.)   +  >(<^]<i)  =  „(o^)  +  e(H})  +  i::,) 


Perchloride  of 
gold. 


Oxalic  add. 


Carbonic 
anhydride. 


Hydrochloric 
acid. 


Gold. 


When  perchloride  of  gold  is  reduced  by  means  of  the  protochloride 
of  tin,  the  precipitate  which  forms  is  not  pure  gold ;  it  contains  gold, 
tin,  and  oxygen,  and  is  called  purple  of  Cassius. 

The  reduction  of  chloride  of  gold  by  the  skin  stains  this  latter 
violet. 

Chloride  of  gold  forms  double  chlorides  with  the  other  metallic 
chlorides ;  those  which  contain  alkaline  metals  are  the  best  defined ; 
their  formulas  are : 

(Au'"Cl*,KCl  +  5  aq.)  =  chloride  of  gold  and  potassium. 
(Au'"CP,NaCl  +  4  aq.)  =  chloride  of  gold  and  sodium. 
(Au'"CP,NH^Cl  +  2  aq.)  =  chloride  of  gold  and  ammonium. 

These  chlorides  are  either  molecular  combinations,  or  their  chlorine 
acts  as  trivalent. 

With  the  aqueous  solution  of  perchloride  of  gold,  ammonia  gives  an 
explosive  precipitate  (detonating  gold)  containing  chlorine,  hydiogen, 
nitrc^en,  oxygen,  and  gold. 
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When  left  for  eome  time  in  contact  ^ith  ammonia,  this  componnd 
loses  all  its  chlorine  and  becomes  still  more  ezplosive.  Its  formula 
then  appears  to  be 

(Au»0",N«H«,H«0) 

Perbromide  of  Gtold  (Au'"Br*). — This  is  obtained  like  the  perchlo- 
ride,  that  is  to  say,  by  dissolving  gold  in  an  aqua  regia  made  with 
nitric  and  hydrobromic  acids ;  its  properties  are  similar  to  those  of 
the  chloride. 

Frot-iodide  of  Qold  (Au'"I).  —  The  periodide  of  gold  is  not  known  ; 
a  prot-iodide  of  this  metal  is  obtained  by  double  decomposition. 

Besquiozide  of  Gtold  (Au'O'). — When  an  alkaline  hydrate  is  poured 
into  the  solution  of  chloride  of  gold,  no  precipitate  forms ;  but  if  the 
mixture  be  boiled,  and  then  saturated  with  acetic  acid,  a  precipitate  is 
produced  which,  when  properly  dried,  answers  to  the  formula  (Au*0*). 

Sesquioxide  of  gold  dissolves  in  hydrochloric  and  hydrobix)mic  acids, 
giving  rise  to  chloride  and  bromide  of  gold ;  hydrofluoric  acid  and  the 
oxy-acids  do  not  attack  it,  but  it  easily  dissolves  in  alkaline  hydrates. 
The  sesquioxide  of  gold  ought  therefore  to  be  considered  as  an  acid 
anhydride. 

The  following  equations  explain  the  formation  of  this  body : 

(au"'C1')      +      6(|}o) 

Perchloride  Potash, 

of  gold. 

Chloride  of  Water.  Aurate  of 

potaaBimn.  potaaalum. 

.nd.  e^;}c.)+,(c^)o).,(o™}o)+(AS:}o-) 

Aurate  of  Acetic  add.  Acetate  of  Hydrate  of 

potasAluin.  potaasium.  gold. 

«'^-       2(^£:}0-)       =       3(1  }0)      +      (AuHy) 

Hydrate  of  gold.  Water.  Sesquioxide  of 

gold,  or  auric 
anhydride. 

The  aurate  of  potassium  (Au'"K*0')  crystallizes  with  three  molecules 
of  water. 

Protoxide  of  Qold  (Au*0).— This  body  remains  under  the  form  of 
an  insoluble  violet  powder  which  can  be  decomposed  at  250°,  when  the 
protochloride  of  gold  is  digested  with  the  alkalies. 

2(AuCi)    +     2(^5}0)    =    2(^a})    +    (gjo)    +    (au«o) 

Protochloride  Soda.  Chloride  of  Water.  Protoxide 

of  gold.  sodium.  of  gold. 

Protoxide  of  gold  does  not  enter  into  double  decomposition  either 


1st. 


=     3 
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with  acids  or  bases.    There  is  neyertheless  a  double  faypoeiilphite  of 
gold  and  sodium,  the  formula  of  which  is : 


/S*0"  1      \ 


Gold  here  acts  as  monovalent,  as  it  also  does  in  all  its  snb-componnds. 

In  tliis  componnd  the  gold  is  so  much  concealed  that  neither  sulphate 
of  iron  nor  chloride  of  tin  canse  it  to  be  manifested.  When  the  solu- 
tion of  this  hyposulphite  is  treated  by  chloride  of  barium,  a  double  hypo- 
sulphite of  gold  and  barium  deposits,  which,  when  treated  by  sulphuric 
acid,  loses  its  barium  and  leaves  hyposulphite  of  gold. 

The  double  hyposulphite  of  gold  and  sodium  is  used  to  fix  daguerro- 
type  images. 

Sesquisulphide  of  Qold  (Au*S')  and  Frotosulphide  of  Gold  (Au*S). 
— ^When  a  current  of  hydrosulphuric  acid  is  transmitted  through  a 
cold  solution  of  perchloride  of  gold,  the  latter  gives  a  yellow-brown 
deposit  of  sesquisulphide  of  gold.  Under  the  same  conditions,  the 
boiling  solution  of  perchloride  of  gold  gives  a  precipitate  of  proto- 
sulphide. 

These  sulphides  are  true  acid  anhydix)sulphide8 ;  they  undergo  very 
distinct  double  decompositions  with  the  alkaline  hydrosulphates,  and 
are  transformed  into  soluble  sulpho-scdts,  disengaging  hydrosulphuric 
acid. 

(A..^)    +    6(|(S)     .     2(^'Z}^)    +    3(|)S) 

SeaqaJsnlpbide  Hydrosolphate  Salph-ftorate  of  Hydroealphuilc 

of  gold.  ofpotaflBlum.  potwmrfnm  add. 

Beactions  of  Salts  of  Oold.-^Qold  is  recognized  in  analyses  by  the 
following  properties : 

1st.  The  perchloride  of  gold  is  deli<]tiescent,  but  ether  has  a  still 
greater  affinity  for  it  than  water ;  if  its  solution  in  water  be  shaken 
with  ether,  the  latter  extracts  the  salt  from  the  water. 

2nd.  Salts  of  gold  are  not  precipitated  by  alkaline  carbonates.  The 
carbonate  of  ammonium  -produces  a  precipitate  which  easily  detonates, 
and  which  is  known  as  fulminating  gold. 

3rd.  The  salts  of  potassium  and  of  sodium  do  not  precipitate  them. 

4th.  Frotoeulphate  of  iron  reduces  chloride  of  gold,  especially  if  a 
little  hydrochloric  acid  be  added  to  the  solution ;  the  gold  is  then  pre- 
cipitated in  the  form  of  a  brown  powder. 

5th.  Salts  of  gold  are  freely  precipitated  by  soluble  iodides. 
'  6th.  The  protochloride  of  tin  produces  a  precipitate.     When  the 
solutions  are  dilute  and  the  protochloride  mixed  with  a  little  per- 
chloride, this  precipitate  assumes  a  beautiful  purple  colour. 
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FOURTH  CLASS  (TETR ATOMIC  METALS). 


ALUMrN-IUM  Al. 

Atomic  weight  =  275.    Molecular  weight  unknown. 

Aluminium  may  be  obtained  either  by  decomposing  the  anhydrous 
chloride  of  alaminium  by  sodiam  with  the  aid  of  heat,  or  by  submit- 
ting a  solution  of  the  double  chloride  of  aluminium  and  sodium  to  the 
action  of  an  electric  current.  In  both  processes,  the  metal  must  after- 
wards be  agglomerated  by  one  or  more  fusions. 

Aluminium  has  a  white  colour  something  between  that  of  zinc  and 
silver ;  it  is  very  malleable,  very  ductile,  and  possesses  very  great 
tenacity.  It  is  very  sonorous,  a  good  conductor  of  electricity,  and 
melts  at  a  temperature  higher  than  that  at  which  zinc  fuses,  and  lower 
than  silver.  Its  density  is  2  *  56,  which  may  be  raised  to  2  *  67  by 
pressure. 

Aluminium  does  not  oxidize  directly  at  any  temperature ;  it  decom- 
poses water  at  a  white  heat,  producing  alumina  ;  nitric  and  sidphuric 
acids  only  attack  it  at  the  boiling  temperature ;  hydrochloric  acid  dis- 
solves it,  on  the  contrary,  with  gi*eat  ease. 

Aluminium  dissolves  also  in  the  solution  of  poweiiul  bases  such  as 
potash  or  soda.  In  this  case  there  is  disengagement  of  hydrogen  and 
the  production  of  an  alkaline  aluminate. 

Compounds  of  aluminium  and  carbon,  and  of  aluminium  and  silicon, 
may  be  obtained,  which  compounds  are  analogous  to  cast  iron. 

Aluminium  does  not  amalgamate  with  mercury ;  with  copper  it 
forms  an  alloy  which  possesses  the  property  of  welding  at  dull  red 
heat,  like  iron. 

There  is  no  compound  known  into  which  aluminium  enters  as  a 
single  atom.  Two  atoms  of  this  body  always  intervene  in  reactions. 
In  consequence,  we  might  be  tempted  to  allow  an  atomic  weight  to 
aluminium  double  that  we  have  admitted,  but  the  isomorphism  of  the 
aluminio  compounds  with  the  per-compounds  of  iron  leaves  no  doubt 
of  the  true  formula  of  aluminic  salts,  and  demonstrates  the  existence 
of  the  group  AP. 

Each  atom  of  aluminium  being  tetratomic,  and  two  atoms  of  any 
body  whatsoever  being  unable  to  unite  without  exchanging  at  least 
two  atomicities,  the  group  AP  ought  to  be,  and  is,  hexatomic. 

Compounds  are  known  which  result  from  the  combination  of 
aluminium  with  monatomio  i*adicles,  such  as  chlorine,  bromine,  etc. : 
these  compounds  all  correspond  to  the  formula  (AF'R*) :  combinations 
of  aluminium  with  biatomic  metalloids,  such  as  oxygen  and  sulphur,  are 
also  known.     They  are  represented  by  the  general  formula  (APR""). 
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Combinations  of  Aluminium  with  Monatomic  Metalloids. 

Chloride  of  Alaminitun. — This  body  is  prepared  by  passing  a 
current  of  dry  chlorine  over  small  porous  pellets  formed  of  oxide  of 
aluminium  and  carbon,  heated  to  redness. 


(AlHy)    +     3C     +     3(g))     = 

=     3(C0)     +     (^J[ 

Oxide  of                Carbon.               ChloilDe. 
alnmlniam. 

Oxide  of                 Aluniinic 
carbon.                   chloride. 

The  operation  is  conducted  in  an  apparatus  similar  to  that  used  to 
prepare  the  chloride  of  silicon,  the  only  difference  being  that,  on  account 
of  the  slight  volatility  of  chloride  of  aluminium,  the  refrigerant  appa- 
ratus is  replaced  by  a  receiver  with  a  short  neck  connected  by  means 
of  a  socket  with  the  neck  of  the  retort  in  which  the  reaction  takes 
place.     The  chloride  is  condensed  in  this  vessel. 

The  porous  mixture  of  aluminic  oxide  and  carbon  is  obtained  by 
calcining  a  paste  made  of  oil,  carbon,  and  oxide  of  aluminium :  on 
mixing  a  sufficient  quantity  of  chloride  of  sodium  with  this  paste, 
instead  of  the  chloride  of  aluminium  the  double  chloride  ((A1*C1'), 
(NaCl)*)  is  obtained,  which  is  only  used  in  the  preparation  of 
aluminium. 

The  chloride  of  aluminium  crystallizes  in  colourless  InminaB,  which 
are  sometimes  transparent ;  it  easily  melts,  and,  according  to  Liebig, 
boils  at  180°;  in  the  air  it  gives  off  disagreeable  fames;  it  is  deli- 
quescent, and  heat  is  disengaged  when  the  salt  is  dissolved  in  water. 
The  aqueous  solution  of  this  salt  decomposes  into  hydrochloric  acid 
and  hydrate  of  aluminium  when  we  attempt  to  evapoi*ate  it. 

(AlH)..)    +     6(H}0)     .     e(g|)    +    (f:}0.) 

Chloride  of  Water.  Hydrochloric  Hydrate  of 

aluminium.  add.  alumluium. 

This  prevents  its  being  prepctred  by  dissolving  hydrate  of  aluminium 
in  hydrochloric  acid ;  but  the  hydrated  chloride,  which  however  can- 
not be  desiccated,  is  obtained  by  this  method. 

Fluoride  of  AinntiTiiiini  (APFl*). — M.  Deville  has  obtained  this  body 
crystallized  in  cubes.  He  strongly  heated  oxide  of  aluminium  pre- 
viously moistened  with  hydrofluoric  acid  and  then  dried,  in  a  tube  of 
graphite  protected  externally  by  a  stoneware  tube :  during  the  time 
the  operation  continues,  a  current  of  hydrogen  ought  to  be  transmitted 
through  the  tube,  in  order  to  carry  over  the  vapours  of  the  fluoride  of 
aluminium,  which  is  only  volatile  at  white  heat :  at  the  end  of  the 
operation,  beautiful  crystals  are  found  on  the  cold  part  of  the  tube. 

The  stoppers  of  the  apparatus  ought  to  be  of  charcoal,  luted  with 
a  mixture  of  clay  and  cow's  dung. 

The  fluoride  of  aluminium  is  insoluble  in  water.  The  strongest 
acids  have  no  action  on  it* 

T 
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Combinations  of  Aluminium  with  Biatomio  Metalloids. 

Oxide  of  AluminiiLm  or  Almnina  (A1*0*). — Alumina  exists  native, 
crystallized.  Comndum  is  pure  alumina,  and  sapphire  and  ruby  are 
only  alumina  crystallized  and  coloured  by  traces  of  metallic  oxides. 

M.  Deville  has  obtained  these  bodies  by  a  very  elegant  process. 

In  a  charcoal  crucible  he  placed  fluoride  of  aluminium ;  upon  this 
body  he  placed  a  cupel  full  of  boracic  anhydride;  he  covered  the 
crucible,  placed  it  in  a  second  eai*then  crucible,  and  kept  it  for  an  hour 
at  a  white  heat ;  after  this,  on  removing  the  crucible  from  the  fire,  and 
cooling,  beautiful  crystals  of  corundum  were  extracted. 

In  this  operation,  the  boracic  ^anhydride  and  fluoride  of  aluminium 
are  mutually  decomposed,  forming  alumina  and  fluoride  of  boron. 

(B»0»)     +     (Al^FP)     =     2(Bri»)     +     (Al'C) 

Borado  Fluoride  of  Fluoride  of  Oxide  of 

anhydride.  alnmiuiam.  boroo.  aluminium. 

Corundum  crystallizes  in  the  rhombohedral  system.  Amorphous 
alumina  may  be  prepared  by  the  calcination  either  of  ammoniacal  alum, 
or  of  hydrate  of  aluminium. 

Alumina  only  fuses  before  the  oxyhydrogen  blow-pipe ;  it  is  in  this 
manner  that  M.  Qaudin  obtained  artificial  rubies,  difiering  only  by 
their  opacity  from  natural  rubies :  it  is  not  attacked  by  alkaline  solu- 
tions, and  even  concentrated  acids  only  enter  into  double  decomposition 
with  it  after  a  very  long  time:  the  corresponding  hydrate  acting 
either  as  acid  or  base,  the  oxide  of  aluminium  is  an  indiflbrent  anhy- 
dride. 

Hydrate  of  Aluminium  (A1*(0H)'). — This  is  obtained  by  precipi- 
tating a  salt  of  aluminium  by  ammonia,  collecting  on  a  filter  and  well 
washing  the  precipitate  produced.  It  may  be  precipitated  by  potash, 
but  in  that  case  it  is  difficult  to  wash,  and  the  hydrate  of  aluminium 
obstinately  retains  traces  of  potash. 

The  hydrate  of  aluminium  is  capable  of  entering  into  double  decom- 
position with  acids,  giving  salts  of  aluminium  resulting  from  the 
substitution  of  acid  radicles  for  the  typical  hydrogen  it  contains.  This 
hydrate  also  dissolves  in  alkaline  solutions,  giving  aluminates.  It 
therefore  acts  as  base  in  pre&ence  of  strong  acids,  and  as  an  acid  in 
presence  of  powerful  bases. 

Ammonia  dissolves  only  a  very  small  proportion  of  hydrate  of  alumi- 
nium ;  when  its  ammoniacal  solution  is  left  for  some  time  in  a  stop- 
pered bottle,  microscopic  crystals  are  deposited.  Hydrate  of  aluminium 
exists  native,  and  constitutes  certain  minerals,  such  as  diaspore,  gibb- 
site,  and  hydrargillite. 

AUotropic  Modifications  of  Hydrate  of  Aluminium. — When  water 
holding  hydrate  of  aluminium  in  suspension  is  boiled  for  twenty-four 
hours,  this  hydrate,  without  changing  its  composition,  ceases  to  be 
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soluble  in  acids  and  alkalies,  and  its  properties  therefore  resemble 
those  of  the  anhydride  of  aluminium 

Besides  this  variety,  Mr.  Graham  obtained  soluble  alumina  by  sub- 
mitting an  aqueous  solution  of  aluminate  of  potassium  to  dialysis : 
potash  alone  passes  through  the  membrane  of  the  dialyser. 

The  soluble  hydrate  of  aluminium  appears  only  to  be  an  allotropic 
modification  of  the  ordinary  hydrate ;  according  to  Mr.  Graham,  it 
constitutes  a  compoimd  much  more  condensed. 

(SO*" ) 

Al"^  >  0*  +  24  aq.  \ — In  Italy  and  Hungary  there  is  found  a  stone 

called  alum-stone,  which  contains  the  elements  of  two  molecules  of 
sulphate  of  potassium,  two  molecules  of  sulphate  of  aluminium,  an^fi've 
molecules  of  hydrate  of  aluminium. 

On  heating  this  stone,  the  aggregation  of  its  constituent  principles  is 
modified,  and  when  lixiviated  after  the  calcination,  alum  is  dissolved, 
which  is  crystallized  in  cubes,  and  very  pure.  It  is  known  in  com- 
merce as  Boman  alum. 

Alum  may  be  prepared  artificially.  To  effect  this,  sulphuric  acid  is 
made  to  act  on  clay,  which  is  a  mixture  of  silicate  of  aluminium 
and  silicate  of  iron,  silica  is  deposited,  and  the  sulphates  of  aluminiuta 
and  iron  enter  into  solution,  sulphate  of  potassium  is  added  to  this, 
and  on  crystallizing,  the  alum  is  separated  from  the  sulphate  of  iron, 
which  does  not  readily  crystallize.  The  alum  thus  prepared  always 
contains  a  little  iron,  which  affects  its  colour:  it  is  crystallized  in 
octahedra.  The  cubic  alum  prepared  by  means  of  the  alum-stone  is 
preferred  for  its  superior  purity. 

The  purity  of  Boman  alum  is  owing  to  the  presence  of  the  hydrate 
of  aluminium  in  the  alumnstone.  This  hydrate  being  in  reality  a 
much  stronger  base  than  ferric  hydrate,  when  alum-stone  is  treated 
by  water  it  enters  into  double  decomposition  with  the  iron  salts 
contained  in  the  liquor,  hydrate  of  iron  is  precipitated,  and  the  alum 
remains  pure. 

« , ' 

Iron  altUD .  Hydrate  of  alnminlum. 

(^•W     +     ((SO^r  }^''  ^  K«  }0'     +    24aq.) 

^ ^ ; 

Ferric  tajdrata.  Ordliuiy  alum. 

The  crystallization  in  cubes  is  owing  to  a  small  quantity  of  subsul- 
phate  of  aluminium  being  present.  If  a  solution  of  cubic  alum  be 
boiled  for  a  long  time  it  will  deposit  a  small  quantity  of  subsul- 
phate  of  aluminium,  and  when  filtered  it  leaves  octahedral  crystals. 

T   2 
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EnowiDg  tbe  causes  which  make  the  Roman  alum  the  purer,  and 
determine  its  crystalline  form,  it  is  easy  to  purify  artificial  alum  and 
to  obtain  it  in  the  form  desired  by  consumers.  For  this  purpose  a 
small  quantity  of  carbonate  of  potassium  is  added  to  a  solution  of 
alum  saturated  at  45^ ;  a  little  hydrate  of  aluminium  is  precipitated. 
This  hydrate  decomposes  the  iron  salts  contained  in  the  solution, 
and  besides  gives  rise  to  a  little  subsulphate  of  aluminium,  so  that  the 
solution  on  cooling  leaves  alum  as  pure  as  the  Roman  alum,  and,  like 
it,  crystallized  in  cubes. 

However,  cubic  alum  does  not  always  contain  the  subsulphate  of 
aluminium.  M.  Lowel  has  found  that  such  crystals  may  be  entirely  free 
from  this  basic  salt.  According  to  him,  the  cubic  form  would  be  owing 
to  the  catalytic  action  exercised  by  the  basic  salt  at  the  time  of  the 
cryeptallization. 

Alum  is  strongly  astringent ;  it  is  much  more  soluble  in  boiling  than 
in  cold  water.  When  heated  it  undergoes  aqueous  fusion,  and  if  then 
cooled  it  assumes  a  vitreous  aspect,  and  constitutes  what  is  called  rock 
alum.  If,  on  the  contrary,  the  heat  be  continued,  the  water  evaporates, 
the  mass  swells  up,  and  a  white  matter  is  obtained,  which  rises  above 
the  crucible  in  which  the  calcination  is  made.  This  is  the  burnt  alum 
of  pharmacy — alum  deprived  of  its  24  molecules  of  water  of  crystalliza- 
tion. This  alum  has  an  astringent  taste  and  is  slightly  caustic ;  it  is 
used  as  such  in  medicine. 

When  heated  to  a  still  higher  temperature,  the  alum  decomposes, 
the  two  sulphates  of  which  it  is  formed  are  separated,  the  sulphate  of 
potassium  remains  unaltered,  and  the  sulphate  of  aluminium  is  de- 
stroyed, losing  the  elements  of  sulphuric  anhydride ;  after  the  cal- 
cination the  matter  therefore  consists  of  a  mixture  of  alumina  and 
sulphate  of  potassium. 

Alums  may  be  obtained  in  which  the  potassium  is  replaced  by  other 
alkaline  metals ;  they  are  all  isomorphous.  That  which  contains  am- 
monium, as  its  alkaline  salt  is  decomposed  by  heat,  leaves  pure 
alumina  when  calcined. 

m 

Silicate  of  A^n^m^Tl^nTn. — Tliis  Salt  in  a  pure  state  constitutes  kaolin, 
which  is  used  in  the  manufacture  of  porcelain ;  when  mixed  with  ferric 
silicate,  it  forms  the  clays  of  which  the  common  potteries  are  manufac- 
tured. The  silicate  of  aluminium  is  formed  by  lixiviating  felspar  rocks, 
which  are  really  double  silicates  of  aluminium  and  an  alkaline  metal. 
Water  passing  over  these  rocks  for  a  length  of  time  disintegrates  them, 
seizing  the  alkaline  silicate  and  leaving  a  residue  of  kaolin  or  China 
day. 

Distinctive  Characters  of  Salts  of  Aluminium.— The  salts  of  alu- 
minium may  be  recognized  by  the  following  properties  : 

1st.  They  are  precipitated  by  ammonia  and  the  fixed  alkalies.  The 
precipitate  dissolves  in  caustic  potash  or  soda.  Heat  assists  the 
solution. 
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2nd.  These  salts  are  not  precipitated  by  b  jdrosulphuric  acid,  but  in 
presence  of  alkaline  sulphides  they  give  a  precipitate  of  hydrate  of 
aluminium. 

3rd.  Alkaline  carbonates  and  the  ammonic  carbonate  produce  a  pre- 
cipitate that  is  insoluble  in  an  excess  of  the  reagent. 

4th.  If  a  hot  concentrated  solution  of  sulphate  of  potassium  be 
added  to  an  equally  hot  and  concentrated  solution  of  sulphate  of 
aluminium,  octahedral  crystals  of  alum  separate  on  cooling. 


MANGAIOSSE   Mn. 

Atomic  weight  =  57.    Molecular  weight  unknown. 

Metallic  manganese  is  obtained  by  calcining  its  oxides  with  charcoal, 
a  carbide  of  manganese  is  thus  produced  which,  when  melted  with  a 
little  carbonate  of  manganese,  gives  the  pure  metal.  This  metal  is  so 
brittle  that  it  can  be  reduced  to  powder  by  trituration.  Its  density 
is  8*013 ;  it  is  almost  infusible.  At  100^  it  easily  decomposes  water; 
in  moist  air  it  oxidizes  so  easily  that  it  ought  to  be  preserved  in 
naphtha  or  in  hermetically-sealed  tubes. 

The  quantities  of  manganese  which  enter  into  combination  are  equal 
sometimes  to  one  atom,  sometimes  to  two.  The  compounds  only  con- 
taining one  atom  are  called  proto-compounds,  those  containing  two, 
per-compounds  (manganous  and  manganic  compounds).  Sub-com- 
pounds are  seldom  saturated;  manganese  acts  in  them  as  bivalent. 
The  tetratomicity  of  this  metal  is  seldom  apparent  except  in  the  per 
compounds ;  two  atoms  united  then  form  an  hexatomic  group,  which 
could  not  occur  unless  each  atom  be  allowed  a  maximum  capacity 
for  saturation  equal  to  4  at  least. 

Nevertheless,  M.  Nickl^s  has  recently  shown  that  manganese  forms  a 
chloride  corresponding  to  the  foimula  (Mn'^'Cl*).  This  chloride  has  not 
yet  been  isolated  owing  to  its  great  instability,  it  decomposes  into 
bichloride  and  chlorine. 

(MuCI*)     =     (MnCP)     +     ci} 

Tetrachloride  Bichloride  of  Chlorine, 

of  manganeae.  maoganei$e. 

M.  Nickl^s  rendered  it  stable  by  combining  it  with  ethers.  This 
chloride  is  formed,  to  be  destroyed  immediately,  when  the  binoxide  of 
manganese  is  treated  by  hydi'ochloric  acid. 

(MnO')     +     4(g[)     =     2(H|o)    +    (MaCl*) 

Binoxide  Hydrochloric  Water.  Tetrachloride 

of  manganeae.  acid.  of  manganeae. 

The  existence  of  the  tetrachloride  of  manganese  places  the  tetratom- 
icity of  this  metal  beyond  doubt. 

The  compounds  of  manganese  with    monatomic  radicles  therefore 
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answer  eiiher  to  the  formula  (MnR'*)  or  to  (Mn*R''),  or  more  rarely  to 

(Mn«^R'0. 

Biatomio  radicles  also  combine  with  manganese :  the  compounds 
answer  to  the  general  formula  (MnR")  when  they  are  snb-compoundfi, 
and  to  (Mn*R'")  when  they  are  per-compounds ;  moreover,  in  conse- 
quence of  the  property  biatomic  radicles  have  of  accumulating  in 
indefinite  numbers  in  molecules,  these  radicles  Inay  combine  with 
manganese  in  much  larger  proportions  than  the  two  in  question ;  thus 
four  oxides  of  manganese  are  known  : 

The  protoxide  (MnO),  the  sesquioxide  (Mn^CP),  the  red  oxide  (MnK)*), 
and  the  binoxide  (MnC). 

Besides  these,  two  kinds  of  salts  are  known  :  the  manganates  (MnR'K)^) 
and  the  permanganates  (MnR'O).  The  anhydride  corresponding  to  man- 
ganic acid  wonld  be  (MnC),  and  that  corresponding  to  the  permanganic 
acid  would  be  (Mn^y).  These  two  anhydrides  are  unknown,  as  is  also 
the  manganic  acid  (MnH'O*),  but  the  permanganic  acid  (MnHO^)  has 
been  obtained  dissolved  in  water  and  appears  also  to  exist  in  a  solid 
state. 

The  protoxide  is  a  basic  anhydride  soluble  in  acids  forming  salts. 
It  is  obtained  by  transmitting  a  current  of  dry  hydrogen  over  gently* 
heated  binoxida  In  order  to  effect  this,  the  binoxide  is  generally 
placed  in  a  tube  heated  by  a  spirit-lamp.  Thus  prepared  it  can  be 
preserved  in  air. 

The  hydrate  of  manganese  may  be  obtained  by  precipitating  a  soluble 
manganouA  salt  by  an  alkali :  exposed  to  the  air  this  becomes  a  per* 
hydrate. 

The  anhydrous  sesquioxide  is  prepared  by  gently  calcining  the 
nitrate  of  manganese.  It  is  a  feeble  basic  anhydride.  Dissolved  in 
acids,  it  gives  red  per-salts  which  are  very  instable ;  but  the  sulphate 
acquires  stability  in  presence  of  alkaline  sulphates,  with  which  it  com- 
bines, giving  salts  which  crystallize  in  the  cubic  system  with  24 
molecules  of  water.     The  double  salt  obtained  with  the  sulphate  of 

potassium  ought  to  have  for  formula  (/g(^As  [  0*,      -^^  iO'  +  24aq.\ 

These  salts  are  isomorphous  with  alums,  and  have  for  this  reason 
received  the  name  of  manganic  alums. 

The  red  oxide  may  be  written  (^    -^K,  \0*\     This  compoxmd  may 

therefore  be  oonsidered  as  a  mixture  of  the  protoxide  and  sesquioxide. 

The  hirumde  (MnO*)  exists  native ;  it  is  the  ore  of  manganese. 
Boiled  in  hydrochloric  acid,  it  gives  water  and  tetrachloride  of  manga- 
nese. This  latter  is  destroyed  as  soon  as  formed,  disengaging  chlorine, 
and  protochloride  is  formed,  which  is  dissolved.  K  the  solution  of  this 
chloride  be  submitted  to  the  action  of  an  alkaline  carbonate  it  will  give 
a  precipitate  of  carbonate  of  manganese,  by  means  of  which  all  the  sub- 
salts  of  this  metal  may  be  prepared. 

The  manganate  of  potasnum  (MnK'O)  is  obtained  when  a  mixture  of 
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binoxide  of  manganese  and  potash  is  heated  in  contact  with  air,  or, 
what  is  better,  when  the  binoxide  of  manganese  is  calcined  with  a  sub- 
stance that  is  capable  of  yielding  potassium  and  oxygen,  like  the  nitrate 
of  potassium. 

The  manganate  of  potassium  is  green;  alkaline  water  dissolves  it 
without  alteration,  but  pure  water,  or  water  with  a  little  nitric  acid 
added,  transforms  this  salt  into  a  mixture  of  hydrated  peroxide  of  man- 
ganese and  permanganate  of  potassium : 

3('MnK«0*)  +  2(hK))   =  (MuO^)  +  2(MnK0*)  +  ^(h}^) 

Manganate  of  Water.  Binoxide  Permaoganate  Potash, 

potaaaium.  of  manganese.  of  potaaaiam. 

When  a  solution  of  potassic  manganate  is  exposed  to  the  air,  the 
carbonic  anhydride  slowly  produces  the  reaction  just  indicated,  and  as 
the  colours  of  the  manganate  and  permanganate  of  potassium  are  very 
different,  a  variety  of  shades  are  produced  which  caused  this  body  to 
be  formerly  called  mineral  chameleon. 

The  permangancUe  of  potassium  is  obtained  by  the  calcination  of  a 
mixture  of  peroxide  of  manganese,  hydrate  of  potassium,  and  chlorate 
of  potassium.  On  dissolving  in  water,  filtering  through  asbestos 
and  evaporating  in  a  porcelain  capsule,  crystals  of  permanganate  of 
potassium  are  at  once  observed  which  answer  to  the  formula  (MnKO*). 

The  permanganate  of  potassium,  added  to  solutions  of  the  salts  of 
the  different  metals,  gives  precipitates.  The  permanganate  of  barium, 
thus  prepared  by  double  decomposition,  leaves  the  permanganic  acid 
when  treated  by  dilute  sidphurio  acid  ; 

((MnOO'Ba")     +     (SO*"H«)     =     (SO*"Ba")     +     2(MnO*H) 

i'braianganate  Sulphuric  Sulphate  Permanganic 

ofhorlum.  acid.  ofbortnm.  acid. 

Under  the  influence  of  potash,  the  permanganates  are  transformed 
into  manganates : 

4(Mii^0*)    +    4(h}o)     =     4(MiiK'0*)    +    2(h'o)    +    g| 

F^nnanganate  Potaah.  Manganate  of  Water.  Oiygen. 

of  potaaaiam.  poCaasium. 

The  permanganates  of  potassium,  sodium,  barium,  strontium,  and 
silver,  are  isomorphous  with  the  perohlorates  of  the  same  metals. 

Soluble  permanganates  assume  a  beautiful  violet  colour. 

Beactiona  of  Salts  of  Manganese. — The  salts  of  manganese  are 
recognized  by  the  following  characters : 

1st.  These  salts  are  rose-ooloured,  and  become  white  when  dried. 

2nd.  Heated  with  potash  on  a  sheet  of  platinum  in  the  oxidizing 
flame  of  the  blowpipe,  they  give  the  green  alkaline  manganate. 

3rd.  Boiled  with  a  mixture  of  binoxide  of  lead  and  nitric  acid,  they 
give  a  violet  solution  due  to  the  permanganic  acid  formed.  This  test 
is  very  delicate. 
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4th.  In  solutions  of  the  salts  of  manganese,  potash  and  soda  produce 
a  white  precipitate  whioh  rapidly  darkens  on  exposure  to  the  air. 

5th.  The  soluble  alkaline  sulphides  cause  the  formation  of  a  flesh- 
coloured  precipitate  of  hydrated  sulphide  of  manganese.  This  preci- 
pitate dissolves  in  cold  dilute  hydrochloric  acid. 


IRON  Fe. 

Atoulc  weight  =  66.    Molecular  weight  anknown. 

The  only  iron  ores  worked  contain  oxides  of  this  metal.  These  are 
usually  mixed  with  foreign  mattera  (earthy  impurities),  which  are 
sometimes  calcareous  and  sometimes  siliceous. 

Oxide  of  iron  may  be  reduced  either  by  the  Catalan  method  or  by 
means  of  blast  furnaces. 

In  both  methods  the  oxygen  is  removed  from  the  metal  by  bringing 
the  ore  into  contact  with  the  oxide  of  carbon  at  a  high  temperature. 
The  oxide  of  carbon  is  produced  by  the  direct  combustion  of  charcoal 
which  is  mixed  with  the  oxide  of  iron.  The  difference  between  the 
two  methods  is  as  follows  : 

In  the  furnaces,  the  quantity  of  calcareous  matter  requisite  to  trans- 
form the  silica  into  silicate  of  lime  is  added  to  the  ore,  in  order  that  iron 
in  the  state  of  silicate — which  cannot  be  reduced  by  the  oxide  of  carbon 
— ^be  not  lost.  The  fusion  of  the  silicate  of  calcium  requires  a  much 
higher  temperature  than  that  at  which  the  oxide  of  iron  is  reduced, 
and  at  this  high  temperature  the  iron  unites  with  the  charcoal,  and 
gives  cast  or  pig  iron,  which  must  be  kept  melted  in  a  strong  current 
of  air  in  order  to  bum  the  carbon  it  contains,  and  to  cause  it  to  pass 
to  the  state  of  wrought  iron. 

In  the  Catalan  method  the  temperature  is  not  so  high.  Instead  of  the 
silicate  of  calcium,  silicate  of  iron,  which  is  much  more  fusible,  is  formed, 
cmd  as  the  heat  never  attains  the  degree  at  which  the  charcoal  com- 
bines with  the  iron,  wrought  iron  is  at  once  obtained  instead  of  cast 
iron.  This  process  has  one  great  inconvenience,  which  is,  that  it 
causes  one  part  of  iron  in  the  state  of  silicate  to  be  lost,  and  conse- 
quently it  is  only  employed  for  very  rich  ores. 

We  have  said  that  cast  iron  is  a  combination  of  carbon  and  iron. 
There  also  exists  a  less  carburetted  combination  of  iron  which  is  called 
steel,  and  which  possesses  the  property  of  becoming  very  hard  when 
tempered.  It  is  prepared  either  by  heating  iron  with  charcoal 
(cemented  steel)  or  by  imperfectly  burning  the  carbon  from  cast  iron. 

The  first  method  produces  steel  of  the  best  quality. 

Lately,  it  has  been  stated  that  besides  iron  and  carbon,  steel  also 
contains  a  certain  quantity  of  nitrogen,  but  this  opinion  has  been 
strongly  contested. 

The  presence  of  certain  foreign  bodies,  such  as  titanium,  possesses 
the  property  of  considerably  hardening  steel.     For  several  years  the 
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titanic  iroha  of  Australia  have  been  worked  in  England  for  the  manu- 
facture of  steel. 

The  iron  obtained  by  manufacturers  always  contains  foreign  sub- 
stances. In  order  to  procure  tbe  pure  metal,  absolutely  pure  sesqui- 
oxide  of  iron  is  prepared,  and  reduced  by  hydrogen.  The  metal 
must  then  be  aggregated  by  heating,  or  else  it  is  pyrophoric. 

Iron  possesses  a  crystalline  texture ;  it  is  sometimes  in  brilliant 
grains  and  sometimes  fibrous.  The  latter  is  preferred,  as  it  has  more 
tenacity  than  the  other. 

Iron  is  the  most  tenacious  of  all  metals.  It  only  melts  at  a  very 
high  temperature.  At  a  white  heat  it  is  sufficiently  soft  to  be  welded, 
a  property  which  is  very  important  in  manufactures. 

Iron  is  not  altered  either  by  oxygen  or  dry  air.  In  moist  air  it 
oxidizes  and  becomes  covered  with  rust;  the  presence  of  carbonic 
anhydride  facilitates  this.  The  oxidation  takes  place  at  the  cost  of  the 
water,  and  the  nascent  hydrogen  unites  with  the  nitrogen  of  the  air, 
forming  ammonia,  with  which  the  rust  is  always  impregnated. 

Iron  decomposes  water  at  red  heat,  liberating  hydrogen.  At  this 
temperature  it  also  unites  directly  with  the  oxygen  of  the  atmosphere. 
Such  an  oxide  constitutes  the  pieces  that  are  detached  from  the  hot 
metal  when  it  is  hammered.  When  cold,  iron  dissolves  in  acids,  disen- 
gaging hydrogen. 

With  monatomic  radicles  iron  forms  two  series  of  compounds :  in 
the  first,  a  single  atom  of  this  metal  intervenes,  which  in  this  case  is 
never  saturated,  and  though  tetratomic,  it  acts  as  bivalent.  To  these 
compounds  correspond  others  of  the  same  order,  which  are  formed  by 
the  union  of  iron  with  biatomic  radicles.  All  these  compounds  are 
sub-  or  ferrous  compounds. 

Iron  also  forms  combinations  which  do  not  contain  a  single  atom  of 
this  metal,  but  the  group  Fe*.  This  group  is  naturally  hexatomic, 
because  the  two  atoms  of  iron  mutually  exchange  an  atomicity,  as  is 
shown  in  the  following  figure : 

a 


T) 


b 

in  whicb  a  and  h  represent  two  atoms  of  tetratomic  iron,  giving  rise  to 
the  group  Fe*,  in  which  only  six  free  centres  of  attraction  are  found 
instead  of  eight. 

The  group  Fe*  is  therefore  capable  of  uniting  either  with  six  mona- 
tomic or  with  three  biatomic  radicles.  The  compounds  of  this  order 
are  generally  called  per-  or  fernc  compounds. 

The  principal  per-  and  sub-compounds  of  iron  are  the  following : 
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Protocliloride  of  i 
Protobromide 
Prot-iodide  . 
Fi'Otodaoride 
Hjdrido  .  . 
Protoxide  . 
Protouulphide 

Froto-salte.    . 


O-COMPOUNDS. 

.n  .  (Fed') 
.  (FeBr-) 
.  (Fel') 
.  (FeFl») 
.  (FeH*) 
.(FeO) 
.  (FeS) 

■((B^}«-) 


Feebic  or  Per-Cokpoukds. 
Perchlorido  of  iron  .  (Fe'Cl*) 
Perbromide  . 
Period  ide  .  . 
Ferfluoride  . 
Sesqnioxide  . 
SesqniBuIphide 

Perliydrate  of  u 


Various  per-salta  . 


.  (Fe'Bt') 
.  (Fe'P) 
.  (Fe'Fl') 
.  (FeK)*) 
.  (Fe'S') 


R'  being  any  monatomio  acid  radicle. 

Owing  to  the  property  biatomic  radicles  poseess  of  acoumnlating  in 
molecules,  oxygen  and  sulpbur,  in  addition  to  the  preceding  com- 
pound b,  form 

Uagnetic  oxide  of  iron (FeH)') 

Fenio  anhydride       .      .      .      .      .      .      .  (FeO*) 

Bisulphide  of  iron (FeS') 

Magnetic  pyrites (Ftfe*) 


SaB-CoMP0VHii8  OF  Iron, 
Protocliloride  of  Iron  (Fe"Cl'). — Anhydrous  protochloride  of  iron 


is  obtained  by  directing  a  current  of  dry  hydrochloric  acid  gas  (fig.  S 
throDgh  a  porcelain  tube  containing  pure  iron  heated  to  redness. 


Fe       +     2(g) 


(Fe"a') 


Tlie  salt  condenses  in  brilliant  scalos  on  the  sides  of  the  cold  part  of 
the  tube. 

Ferrous  chloride  in  volatile,  soluble  in  water  and  in  alcohol.     Its 
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aqueous  solution  is  green,  and  when  evaporated,  deposits  green 
hydrated  crystals  (FeCl'+  4  aq.)  Exposed  to  the  air,  this  solution 
absorhs  oxygen,  becomes  turbid,  and  its  colour  yellow ;  in  this  case 
an  oxychloride  is  formed. 

4rFe"CP)      +      o)       "       2fFeHil*6) 

Protochloride  Oiygen.  Oxychloride 

of  iron.  of  iron. 

If  an  acid  and  an  oxidizing  body  be  caused  to  act  simultaneously  on 
the  protochloride  of  iron,  a  double  per-salt  is  formed, 

4(P,C1.)      +      g|       +       4(«S}0) 

Protochloride  Ox^en.  Nitric  add. 

of  iron. 

Tetrachloro-dinitrate  of  iron.  Water. 

Chlorine  combines  with  the  ferrous  chloride  and  transforms  it  into 
ferric  chloride : 


Fe"Cl'') 

+ 

CI)       _ 

ci[     - 

=       (^Fe'CP 

Ferrotu 
chloride. 

Ghlorlnei 

Ferric 
chloride. 

Protobromide  of  Iron  (FeBr"). — The  properties  and  the  Diode  of 
preparation  of  this  body  are  similar  to  the  preceding  one,  it  is  therefore 
tinnecessary  to  describe  it. 

Prot-lodide  of  Iron  (FeP). — The  hydrated  prot-iodide  of  iron  is  pre- 
pared for  medicinal  purposes  by  triturating  56  parts  of  iron  with 
254  parts  of  iodine  in  water :  it  is  better  to  use  a  larger  proportion  of 
iron  than  56  in  order  that  the  metal  be  in  excess.  When  the  liquid 
has  lost  all  smell  of  iodine,  it  is  filtered  and  rapidly  evaporated.  On 
cooling,  green  crystals  of  iodide  of  iron  are  left. 

The  contact  of  air  must  be  avoided  as  much  as  possible  during  this 
process ;  the  ferrous  iodide  quickly  alters  in  air,  absorbing  oxygen  and 
being  converted  into  feme  oxy iodide. 

Protoxide  of  Iron  (FeO). — When  equal  volumes  of  carbonic  anhy« 
dride  and  oxide  of  carbon  are  transmitted  over  red-hot  sesquioxide  of 
iron,  the  iron  is  reduced  to  the  state  of  protoxide.  This  body  always 
contains  a  small  quantity  of  the  sesquioxide. 

A  hydrate  of  iron  is  obtained  by  precipitating  a  ferrous  salt  by 
potash: 

(Fe"a«)      +      2rK0H)       =       2^X01^      +      (^e^j^^ 

Protodiloride  Fotaafa.  Chloride  of  Ferroiu  hydrate, 

of  iron.  potaasium. 
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This  hydrate  is  so  unstable  that  it  cannot  be  dehydrated  without 
being  destroyed. 

Ferrous  hydrate  is  green  when  precipitated,  but  it  quickly  becomes 
yellow  and  is  transformed  into  magnetic  oxide. 

FeiTous  hydrate.  Ozygsn.  Water.  Magnetic  oxide. 

Hydrate  of  iron  is  a  true  base,  capable  of  exchanging  its  hydroxyl 
for  the  halogen  residue  of  acids. 

Frotosulphide  of  Iron  (FeS).— This  body  may  be  prepared  either 
by  precipitating  a  ferrous  salt  by  the  sulphide  of  ammonium  or  by 
heating  a  mixture  in  atomic  proportions  of  sulphur  and  iron. 


Protoctaloride  Sulphide  of  Chloride  of  Frotosulphide 

of  iron.  ammonlttin.  ammonium.  of  iron. 


2nd. 


2Fe       +      1 1       =       2^Fe"s) 

Iron.  Sulphur.  Protomlphide 

of  iron. 


The  sulphide  prepared  by  the  first  method  is  pulverulent,  black,  and 
easily  absorbs  oxygen,  passing  to  the  state  of  sulphate.  That  obtained 
by  the  second  method  is  hard,  brittle,  and  possesses  a  metallic  lustre. 
In  either  case  the  sulphide  of  iron  is  attacked  by  dilute  acids,  forming 
a  ferrous  salt,  and  disengaging  hydrosulphuric  acid : 

(res)    +    (^;|o.)     .     (X;fo.)    +    (|)s) 

ProCosuIphide  Sulphuric  acid.  Ferrous  sulphate.  Hydrosulphuric 

of  iron.  adcL 

A  mixture  of  iron  filings  and  flowers  of  sulphur  moistened,  react  on 
each  other  at  the  end  of  a  certain  time  ;  the  reaction  is  accompanied  by 
a  great  disengagement  of  heat.  If  the  mixture  be  buried  not  very 
deeply,  and  if  it  be  in  considerable  quantity,  the  vapour  of  water 
which  forms  projects  the  earth  some  distance,  and  sometimes  even  the 
combination  is  accompanied  by  disengagement  of  light.  L^mery 
believed  he  could  account  for  volcanic  action  in  this  manner,  and  the 
experiment  is  known  as  Emmery's  volcano. 

Ferrous  Sulphate  (  j,^„  ^  0*  +  7  aq.  j  (Protosulphate). — In  the  labo- 
ratory this  salt  is  prepared  by  dissolving  iron  in  dilute  sulphuric  acid, 
concentrating  the  liquid  by  boiling,  and  leaving  it  to  cool  for  the  salt 
to  be  deposited  in  crystals. 

In  the  arts,  this  body  is  usually  prepared  by  roasting  native 
pyrites  (bisulphide  of  iron). 
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(FeS«)     +     3(g|)     =     (so*)    +    (sPoO*) 

l^rites.  Oxygen.  Sulpbaroos  Ferroiu 

annydride.  sulphate. 

After  roasting  it  is  washed,  the  liquor  left  to  clear,  then  decanted, 
suitably  evaporated,  and  the  salt  is  crystallized. 

Certain  pyrites  absorb  oxygen  by  simple  exposure  to  the  air  without 
it  being  necessary  to  heat  them. 

The  sulphate  of  iron  thus  prepared  contains  many  impurities,  among 
which  is  copper.  This  is  eliminated  by  placing  sheets  of  iron  for  some 
time  in  the  solution  of  the  sulphate :  the  iron  is  substituted  for  the 
copper  which  precipitates. 

Sulphate  of  iron  is  known  in  commerce  as  green  vitriol  or  green 
copperas. 

Ferrous  sulphate  crystallizes  in  greenish  oblique  rhomboidal  prisms, 
which  contain  seven  molecules  of  water.  It  has  an  astringent  taste. 
One  part  of  this  salt  requires  for  its  solution  1'42  of  water  at  15°,  and 
0'33  of  boiling  water.  It  is  insoluble  in  alcohol,  but  this  liquid  takes 
from  it  six  molecules  of  water ;  it  also  loses  six-sevenths  of  its  water 
of  crystallization  when  heated  to  100°,  but  it  only  becomes  entirely 
anhydrous  at  300°. 

AVhen  calcined,  the  ferrous  sulphate  decomposes  into  sulphurous 
anhydride,  sesquioxide  of  iron,  and  sulphuric  anhydride  :  it  will  be  re- 
membered that  the  preparation  of  Nordhausen  sulphuric  acid  is  founded 
on  this  reaction. 

2(^'(0')     =     (S0»)    +    (S0»)    +    (FeK)») 

Ferrous  solpbate.  Salpharons  Snlpbnric  Seaqnioxide 

anlijdrlde.  anhydride.  of  iron. 

Exposed  to  air,  the  crystals  or  the  solution  of  the  ferrous  sulphate 
absorb  oxygen,  and  give  a  yellowish  ferric  subsulphate,  which  may  be 
decomposed  by  boiling  it  with  iron. 

The  protosulphate  of  iron  in  aqueous  solution  can  only  be  preserved 
by  the  water  in  which  it  is  dissolved  being  previously  deprived  of 
air  by  boiling,  and  the  solution  being  carefully  preserved  from  contact 
with  air. 

Sulphate  of  iron  when  crystallized  with  seven  molecules  of  water  is 
isomorphous  with  the  sulphates  of  the  magnesian  series. 


Per-Compounds  of  Iron. 

Ferdhloride  of  Iron  (Fe*Cl*). — The  anhydrous  perchloride  of  iron  is 
obtained  by  transmitting  an  excess  of  chlorine  over  red-hot  iron,  in 
the  apparatus  used  to  prepare  the  ferrous  chloride. 

It  may  also  be  prepared  by  distilling  at  red  heat  in  an  earthen 
retort,  hydrated  perchloride  prepared  by  the  solution  of  iron  in  aqua 
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regia.    In  the  latter  case,   however,  one  part  of  the  perchloride  is 
decomposed  by  water  into  hydrochloric  acid  and  sesquioxide  of  iron. 

(Fe'Cl")     +     3(|}0)     =     6(g})    +    (FeHy) 

Percbloride  Water.  Hydrochloilc  Seaqntozlde 

of  Iron.  add.  of  iron. 

Hydrated  perchloride  of  iron  may  also  be  procured  by  dissolving 
per-hydrate  of  iron  in  hydrochloric  acid. 

fS}o-)  +  «(?,})-  {^^)  +  «(5)o) 

Ferric  hydrate.  Hydrochloric  Ferric  Water. 

add.  chloride. 

On  evaporating  the  solution  and  allowing  it  to  cool,  rhombohedral 
laminsa  of  a  beautiful  yellow  colour  are  obtained,  which  answer  to  the 
formula  (Fe"Cl«+6  aq). 

Anhydrous  ferric  chloride  is  the  colour  of  the  wings  of  the  Spanish 
fly.  It  is  volatile  :  water,  alcohol  and  ether  dissolve  it ;  water  causing 
it  to  pass  to  the  state  of  hydrated  chloride.  Submitted  to  the  action  of 
the  vapour  of  water  in  a  heated  tube,  this  body  gives  crystallized  ses- 
quioxide of  iron,  which  is  identical  with  tiie  specular  iron  found 
native. 

Ferric  chloride  in  aqueous  solution  is  employed  in  medicine  both 
externally  and  internally  as  a  haemostatic,  on  account  of  the  property 
it  possesses  of  coagulating  albumen. 

Ferbromide  and  Periodide  of  Iron. — These  bodies  may  be  obtained 
by  combining  directly  iron  with  bromine  or  iodine  in  excess.  They 
are  not  used. 

Besquiozide  of  Iron  (Fe'O'). — In  commerce  this  body  (colcothar)  is 
prepared  by  calcining  ferrous  sulphate ;  in  the  laboratory  it  is  pre- 
pared in  preference  by  heating  ferric  hydrate. 

In  nature  this  body  is  found  crystallized ;  it  is  then  isomorphous 
with  alumina. 

The  sesquioxide  of  iron  is  a  basic  anhydride.  Nevertheless,  weak 
acids  do  not  dissolve  it ;  only  strong  and  boiling  acids  attack  it,  trans- 
forming it  into  ferric  salts. 

When  finely-powdered  sesquioxide  of  iron  is  heated  in  a  current  of 
dry  hydrogen,  the  oxide  is  entirely  reduced,  and  iron  in  an  extreme 
state  of  division  is  obtained.  This  iron  is  pyrophoric,  unless  it  be 
aggregated  by  heat  at  the  end  of  the  operation. 

Ferric  Hydrate  (    ti*  i  ^*  )* — "^  hasic  hydi-ate  corresponds  to  the 

sesquioxide  of  iron,  the  ferric  hydrate,  which  is  generally  prepared  by 
the  decomposition  of  a  soluble  ferric  compound  by  means  of  ammonia. 
The  precipitate  which  forms  must  be  collected  on  a  filter,  and  well 
washed. 
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Ammoata.  Chloride  of  Ferric  hydrate. 

ammoniiUD. 


Percfaloride  of 
iron. 


Ferric  hydrate  is  still  more  easily  reducible  by  hydrogen  than  is 
eolcothar.     The  most  feeble  aoids  dissolve  it,  giving  rise  to  per-salts. 

When  calcined,  it  loses  its  water  and  becomes  anhydrous.  At  the 
instant  this  transformation  takes  place,  the  mass  becomes  incandescent. 
Suspended  in  a  concentrated  alkaline  solution  through  which  a  current 
of  chlorine  is  directed,  the  ferric  hydrate  rapidly  passes  to  the  state  of 
alkaline  ferrate. 

According  to  M.  P^an  de  Saint-Gilles,  when  the  ferric  hydrate  is 
boiled  for  seven  or  eight  hours,  it  loses  a  great  quantity  of  water,  and 
is  converted  into'a  condensed  anhydride,  the  formula  of  which  is : 


/ 


Fe 


tn 


Fe 


:m 


\ 


OH 
O 

O 
O 
O 

0 
OH 


\ 


=     (Fe'HK)') 


; 


This  new  compound  no  longer  presents  the  phenomena  of  incan- 
descence when  calcined,  and  is  dissolved  with  as  much  difficulty  in 
acids  as  the  anhydrous  sesquioxide. 

Mr.  Oraham  has  obtained  a  soluble  variety  of  ferric  hydrate  by  sub- 
mitting  the  ferric  acetate  to  dialysis.  This  soluble  hydrate  appears  to 
be  a  condensed  compound. 

Fer-Salta  of  Iron. — ^These  are  obtained  by  dissolving  the  ferric 
hydrate  in  different  acids.  They  may  also  be  prepared  by  dissolving 
ferrous  salts  in  water  and  peroxidizing  them  by  a  current  of  chlorine 
or  by  nitric  acid.  In  the  latter  case,  if  we  wish  to  obtain  a  neutral 
salt,  a  certain  quantity  of  the  acid,  the  elements  of  which  are  con- 
tained in  the  salt,  must  be  added  to  the  solution.  With  an  equal  quan- 
tity of  metal  per-salts  always  contain  a  greater  number  of  molecules  of 
the  electro-negative  group  than  the  sub-salts,  because  in  the  latter  the 
atom  of  iron  is  only  bivalent,  while  in  the  former  the  double  atom 
Fe'  is  hexavalent 

The  following  equation  clearly  shows  the  necessity  of  adding  an 
acid  to  the  ferrous  salt  which  is  to  be  peroxidized. 


K?;|  «•)  +  f5"l  0-)  +  0   =  (H  I  O)  +  Q^^}  0.) 


Ferroos  salphaie. 


Salphtiric  acid. 


Oxygen.  Water. 


Fe« 

(S0«" 

Neutral  ferric 
solphate. 


When  a  reducing  agent  is  made  to  act  on  ferric  salts,  they  are  trans- 
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formed  into  ferrous  salts,  and  at  the  same  time  one  molecule  of  acid 
becomes  free. 

Ferric  salphato.  Hydrogen.  Ferrous  salphate.  Sulphuric  add. 

The  reducing  agents  which  can  produce  this  result  are,  among  others, 
hydrosulphuric  acid,  nascent  hydrogen,  and  iron  filings.  In  the  case 
of  hydrosulphuric  acid,  the  reduction  takes  place  without  heat  being 
required,  sulphur  is  deposited,  and  sulphuric  acid  is  liberated ;  in  that 
of  iron  filings,  on  the  contrary,  the  solution  of  the  salt  to  be  reduced 
must  be  boiled  with  this  body ;  then  instead  of  free  sulphuric  acid 
ferrous  sulphate  is  formed. 

Compounds  of  Iron  which  do  not  beix)ng  to  either  of  the 

TWO  PRECEDING   SeRIES. 

Magnetic  Oxide  of  Iron  (Fe'O*).-- This  oxide  is  found  native,  and 
constitutes  an  excellent  iron  ore.  Natural  loadstones  are  composed 
of  it. 

It  may  be  produced  artificially  by  passing  vapour  of  water  over  red- 
hot  iron. 

3Fe     +     4(1)  O)     =     (FeKy)    +    4(g)) 

Iron.  Water.  Magnetic  Hydrogen. 

oxide  of  iron. 

It  may  also  bo  prepared  by  precipitating  by  ammonia  a  mixture  of 
protochloride  and  perchloride  of  iron,  containing  quantities  of  each  of 
these  bodies  corresponding  to  the  weights  of  their  molecules.  In  this 
case  it  is  necesssary  to  pour  the  mixture  drop  by  drop  into  a  great 
excess  of  ammonia.  If,  on  the  contrary,  ammonia  were  poured  into  the 
mixture,  the  alkali  not  being  everywhere  in  excess,  ferric  hydrate  would 
first  precipitate,  then  ferrous  hydrate,  and  no  magnetic  oxide.  The  mag- 
netic oxide  ought  to  be  regarded  as  a  sub-salt  of  iron  formed  by  the 
second  anhydride  of  the  per-hydrate  of  the  metal  cwting  as  an  acid. 

fSlo-)     -     2(hK.)       .  (^^\0-) 

Ferric  hydrate.  Water.  2nd  anhydride 

of  the  perhydrate 


of  iron. 


(^:)o.)  -  .H  +  F."  .  (|«r}o.) 

2nd  anbTdride                   Hydrogen.                 Iron.  Magnetic  oxide 

of  the  perhydrate  of  iron, 
of  iron. 

There  exist,  in  fact,  aluminates  of  iron  isomorphous  with  it,  which 
leaves  no  doubt  as  to  its  true  constitution. 

Ferric  Anhydride  (FeO*). — Feme  anhydride  is  not  known,   but 
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when  a  current  of  chlorine  is  directed  through  a  concentrated  alkaline 
Bolution  holding  ferric  hydrate  in  Buspension,  a  red  salt  is  formed, 
which  is  the  fermte  of  potassium  (FeK'O*),  corresponding  to  the  man- 
ganate  of  potassium  (MnK'O*). 

Bisulphide  of  Iron  (FeS*)  (Pyrites). — Pyrites  represents  a  saturated 
per-com pound  of  iron.  It  is  the  only  one  known,  and  exists  native, 
crystallized  sometimes  in  cubes,  sometimes  in  prisms.  Cubic  pyrites 
is  the  most  common ;  it  is  so  hard  that  it  can  cut  glass,  and  strikes  fire 
with  steel.  Its  density  varies  from  4*083  to  5*031  according  to  Dana, 
and  from  5*0  to  5*2  according  to  Rammelsberg.  It  has  a  metallic 
appearance.  Simple  acids  do  not  affect  it,  but  aqua  regia  easily 
attacks  it.  Sometimes  this  pyrites  oxidizes  in  air,  and  sometimes  it 
cannot  be  oxidized.  The  prismatic  pyrites  always  oxidizes  with  ease. 
Heated  with  charcoal,  the  bisulphide  of  iron  gives  sulphide  of  carbon 
and  protosulphide  of  iron. 

Magnetic  Fsnrites  (Fe''S"). — This  body  is  found  native,  crystallized 
in  regular  hexahedral  prisms.  It  acts  as  a  magnet,  and  is  of  a  bronze 
colour.  It  has  not  a  very  constant  composition,  appearing  to  result  from 
the  combination  of  various  sulphides  among  themselves,  without  its 
being  exactly  known  what  are  the  sulphides  thus  combined. 

It  may  be  obtained  artificially  by  heating  a  piece  of  iron  to  white 
heat,  and  then  plunging  it  into  a  crucible  full  of  melted  sulphur : 
the  pyrites  falls  to  the  bottom  of  the  crucible. 

Titanic  Iron. — There  exists  in  nature  a  body  called  titi^nic  iron, 
which  contains  iron,  titanium,  and  oxygen.  This  body  is  isomorphous 
with  natural  sesquioxide  of  iron.  To  explain  this  isomorphism,  the 
titanic  iron  must  be  considered  as  a  mixture  of  sesquioxide  of  iron 
(Fe*0*)  and  of  an  oxide  (TiFeO"),  which  is  the  same,  except  that  an 
atom  of  iron  is  replaced  by  an  atom  of  titanium.  If  this  interpretation 
be  correct,  the  substitution  of  an  atom  of  tetratomic  titanium  for  an 
atom  of  iron,  and  the  isomorphism  of  this  product  of  substitution  with 
the  ordinary  oxide  of  iron,  furnish  another  proof  in  favour  of  the 
tetratomicity  of  iron. 

Characters  of  the  Baits  of  Iron.— Froto-salts  are  generally  green, 
and  per-salts  yellow,  they  are  distinguished  by  the  following  characters : 

1st.  The  ferrooyanide  of  potassium  (yellow  prussiate  of  potash) 
precipitates  per-salts  of  iron  blue,  and  proto-salts  white. 

2nd.  The  ferricyanide  of  potassium  (red  prussiate  of  potash)  pre- 
cipitates proto-salts  of  iron  blue  and  does  not  precipitate  per-salts. 

3rd.  With  proto-salts  the  alkalies  give  a  green  precipitate  which 
turns  yellow  in  the  air,  and  with  per-salts  a  reddish  precipitate  which 
does  not  alter. 

4th.  Hydrosulphuric  acid  does  not  act  on  proto  salts,  but  reduces 
per-salts,  depositing  sulphur. 

5th.  With  both  classes  of  these  salts  the  alkaline  sulphides  give  a 
black  precipitate  which  is  very  soluble  in  dilute  acids. 

u 
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CHBOMinM  Cr. 

Atomic  weight  =  53*5.    Molecalar  welf^t  unknown. 

Chromium  may  be  extracted  from  its  sesqnioxide  by  means  of  char- 
coal at  the  temperature  of  a  strong  forge  fire.  The  product  always 
contains  charcoal,  from  which  it  is  freed  by  a  second  fusion  in  presence 
of  the  sesquioxide  of  chromium  and  borax. 

Chomium  may  also  be  obtained  by  heating  the  perchloride  of  this 
metal  with  sodium,  and  then  removing  by  water  the  chloride  of  sodium 
formed. 

According  to  M.  Woehlcr,  chromium  may  be  obtained  by  reducing 
its  perchloride  by  zinc. 

Prepared  by  the  first  process,  chromium  has  a  metallic  aspect.  It 
is  hard  and  brittle;  its  density  is  equal  to  6*0;  it  becomes  magnetic  at 
15°  or  20^,  but  is  not  so  at  the  ordinary  temperature. 

At  red  heat  chromium  absorbs  oxygen,  and  passes  to  the  state  of  ses- 
quioxide. The  acids,  and  even  aqua  regia  scarcely  affect  it,  hut  in 
presence  of  alkalies  and  of  an  oxidizing  body  like  chlorate  or  nitrate 
of  potassium,  it  passes  to  the  st^te  of  alkaline  chroroate. 

Chromium  combines  with  chlorine,  forming  two  chlorides  which 
correspond  to  the  two  chlorides  of  iron.    These  are  : 

The  protochloride    .      .      .     .      .      .      CrCl*. 

And  the  perchloride Cr*CP. 

It  has  been  stated  that  there  also  exists  a  chloride  of  chromium 
corresponding  to  the  formula  CrCl* ;  also  a  bromide,  an  iodide,  and  a 
fluoride,  the  formulas  of  which  would  be  CrR*,  R  representing  bromine 
or  one  of  its  congeners.  However,  these  compounds  are  so  unstable 
that  up  to  the  present  time  they  have  not  been  isolated  in  a  free 
state,  with  the  exception  of  the  fluoride.  Unfortunately,  this  body 
corrodes  glass,  which  renders  its  analysis  and  the  study  of  its  pro- 
perties very  difficult. 

The  true  formula  of  these  different  compounds  of  chromium  is  not 
therefore  fixed  as  yet.  It  appears  nevertheless  certain,  that  they  con- 
tain at  least  four,  and  perhaps  six  atoms  of  the  monatomic  metalloid 
for  one  of  the  metal. 

This  supports  our  views  of  the  atomicity  of  chromium,  which  we 
consider  as  being  more  than  two.  It  is  true  that  we  remain  in  doubt  about 
this  atomicity,  and  that  we  hesitate  between  the  Nos.  4  and  6.  If 
it  were  demonstrated  that  chromium  is  hexatomic,  iron,  manganese, 
aluminium,  nickel,  and  cobalt  must  also  be  hexatomic,  though  they  are 
never  seen  to  act  with  an  atomicity  greater  than  4.  Nevertheless,  as 
the  tetratomicity  of  these  different  metals  rests,  not  on  the  exist- 
ence of  the  slightly  known  compounds  of  chromium  of  which  we 
have  just  been  speaking,  but  on  o^er  important  considerations  which 
have  been  previously  developed,  I  have  thought  it  right  to  regai*d  them 
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as  tetratomio,  resorviog  the  admisfiion  of  their  hexatomicity  if  ever 
the  formula  (CrFP)  of  the  fluoride  of  chromium  be  verified.  It  must 
be  remarked  that  if  iron,  aluminium,  etc.,  were  hexatomic,  the  groups 
formed  by  the  union  of  two  atoms  of  these  metals  might,  nevertheless, 
only  be  hexatomic.  It  would  suffice  for  this  that  the  two  atoms  which 
constitute  them  should  exchange  six  atomicities  instead  of  two,  as  the 
following  figure  indicates : 


T~n 


.  c 


However,  as  this  hypothesis  does  not  account  for  the  substitution  of 
titanium  for  iron  in  titanic  iron,  I  should  prefer  to  admit  that  these 
atoms  only  exchange  two  affinities ;  and  if  the  group  be  only  hexatomic 
in  appearance,  it  is  simply  because  each  atom  has  two  centres  of 
attraction,  which  in  ordinary  cases  do  not  act,  as  the  following  figure, 
in  which  the  inactive  centres  of  attraction  are  designated  by  the  letter 
a,  shows. 

a   a 

j.      .      .      .     T-T)  J •      •      •      • 

(I ) 

a    a 

These  hypotheses  need  not  be  taken  into  consideration  until  the 
formula  (CrFl*)  of  the  perfluoride  of  chromium  is  surely  established ; 
until  then  we  must  hold  to  the  tetiutomicity  of  chromium  and  of  its 
congeners,  iron,  manganese,  aluminium,  cobalt,  and  nickel. 

With  oxygen  chromium  forms  a  series  of  compounds,  which  is  as 
complete  as  the  series  of  oxides  of  manganese,  and  more  so  than 
that  of  iron.  In  order  to  show  these  relations,  we  will  wi*ite  these 
three  series  as  they  stand  in  regard  to  each  other : 

Chromlnm  Manganese  Iron 

series.  series.  series. 

Protoxide CrO  MnO  FeO 

SaHne  oxide       ....  Ci^O*  MnH)*  Fe*0* 

Sesquioxide        ....  Cr^*  Mn«0«  Fe*0» 

Binoxide CrO"  MnO*  wanting 

Anhydride CrO"  MnO"  FeO" 

Per-anhydride    ....  Cr^C  Mn'O'  wanting 

The  manganic,  permanganic,  and  ferric  anhydrides  appear  here  only 
because  the  acids  or  salts  derived  from  them  are  known.  The  bodies 
themselves  are  not  known  in  the  isolated  state. 


Haloid  Compounts  of  Chromium. 

Frotochloride  of  Chromium  (CrCl"). — The  protochloride  of  chro- 
mium is  prepared  by  causing  hydrogen  to  act  on  the  perchloride  heated 

to  redness : 

u  2 
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Perchloride  Hydrogen.  Proiochlorlde  Hydrochloric 

ordiromtnm.  of  chromium.  add. 

This  body  is  white,  crj'stalline,  ami  soluble  in  water.  In  air  its 
aqueous  solution  absorbs  oxygen  and  gpves  an  oxy chloride  (Cr*01*0). 

Ferohloride  of  Chromium  f Cr'  |  -_A — Both  h}drated  and  anhy- 
drous perchloride  of  chromium  may  be  obtained.  The  hydrated  is 
prepared  by  dissolving  the  basic  hydrate  (  tt8  [  0*  J  in  hydrochloric 
acid. 

(T!«-)  +  KS!)  ■  «(Slo)  +  (cH|§:) 

Perhydrateof  Hydrochloric  Water.  Perchloride  of 

chromium.  veld.  chromimu. 

It  then  assumes  a  gi*een  colour  and  is  extremely  soluble  in  water. 
When  treated  with  nitrate  of  silver  it  only  loses  one-third  of  its 
chlorine  at  first,  but  if  the  solution  be  boiled  the  chloiine  is  entirely 
precipitated. 

Anhydrous  perchloride  may  be  obtained  by  a  method  analogous  to 
that  used  in  the  preparation  of  the  perchloride  of  aluminium.  An 
intimate  mixture  is  made  of  sesquioxide  of  chromium  and  powdered 
charcoal;  the  mixture  is  kneaded  with  starch,  and  the  piste  thus 
formed  is  made  into  pellets  and  calcined.  Thus,  small  porous  masses 
are  formed  of  the  sesquioxide  of  chromium  and  charcoal,  the  starch 
becoming  carbonized  by  calcination. 

These  balls  are  placed  in  an  earthenware  tube  heated  to  redness, 
and  submitted  to  the  action  of  a  current  of  dry  chlorine.  Carbonic 
anhydride  is  produced,  which  is  disengaged,  and  perchloride  of  chro- 
mium, which  is  deposited  in  the  cold  part  of  the  tube. 

(CrK)*)     +     3C     +     3(g))     =     3(C0)     +     (Cr'jg 

Seaquioxide  Carbon.  CLlorine.  Oxide  of  Perchloride 

of  diromlam.  carbon.  of  cbromium. 

Anhydrous  perchloiide  of  chromium  is  presented  in  the  form  of 
crystalline  scales,  whose  colour  resembles  peach  blossom.  It  is  quite 
insoluble  in  pure  water,  but  if  the  water  contain  only  ^q^^q  of  proto* 
chloride  of  chromium  it  will  then  dissolve  and  become  hydrated. 
This  curious  fact  has  been  accounted  for  by  supposing  that  the  proto- 
chloride  takes  the  chlorine  from  a  part  of  the  perchloride  and  passes 
to  the  state  of  hydrated  perchloride.  The  protochloride,  formed  at  the 
cost  of  the  reduced  perchloride,  would  act  in  the  same  way  on  a  new 
quantity  of  this  latter  body,  and  so  on,  so  that  the  mass  would  be 
gradually  wholly  reduced  first  into  protochloride  and  then  into  the 
state  of  soluble  hydrated  perchloride. 


"v 
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Combinations  of  Chromium  with  Biatomic  Metalloids. 

Protoxide  of  Chromium  (CrO). — This  body  possesses  no  interest. 
It  is  exoessively  unstable,  and  cannot  be  prepared  pure.  Its  corre- 
sponding hydrate  is  obtained  by  precipitating  the  protochloride  of 
chromium  by  alkalies. 


(CK,..)       +       2(||0)       .       2(5,1)       ^      (%]^) 


Protochloride  Potash.  Chloride  of  Hydrate  of 

of  diromiuiD.  potasaium.  chromlam. 

Besquioxide  of  Chromium  (Cr^*).  —  The  sesquioxide  may  be 
obtained  by  a  great  number  of  di£ferent  processes,  the  most  simple 
of  which  appears  to  consist  in  calcining  mercurous  chromate  in  an 
earthen  crucible.  The  mercury  and  a  part  of  the  oxygen  contained 
in  this  salt  are  disengaged,  and  there  remains  sesqnioxide  of  chro- 
mium. 

Mercurotw  Mercury.  Oxygen.  Sesquioxide 

dirouiMte.  ofchrumium. 

In  order  to  obtain  this  body  crystallized,  it  must  be  prepared  by  trans- 
mitting a  current  of  chloride  of  chromyl  in  vapour  through  a  porcelain 
tube  heated  to  redness. 

4(CrO»Cl')       =       2(CrK)-)       +       4(g))       +       gf 

Chloride  of  Sesquioxide  Chlorine.  Oxygen, 

chromyl.  of  chromium. 

The  crystals  of  sesquioxide  of  chromium  have  the  form  of  rhombo- 
hedra  isomorphous  with  crystallized  alumina.  Its  density  is  then  5*21, 
but  its  density  is  lower  when  in  the  amorphous  state.  It  melts  in  the 
fire  of  a  furnace,  forming  a  hard  black  crystalline  mass. 

The  sesquioxide  of  chromium  is  green  and  is  used  for  painting  on 
porcelain.  Charcoal  and  chlorine,  separately,  do  not  alter  it  at  red 
heat,  but  a  mixture  of  these  two  bodies  destroys  it  at  a  high  tempera- 
tui-e,  producing  the  perchloride  of  chromium  and  carbonic  anhydride. 

Acids  act  on  it  with  difficulty.  However,  as  a  hj'drate  is  known 
which  corresponds  to  it  and  which  possesses  well-characterized  basic 
propei'ties,  this  oxide  ought  to  be  considered  as  a  basic  anhydride. 

Perbydrate  of  Chromium  f  -g,    V  O*  j. — In   order  to   prepare  this 

body,  chromate  of  potassium  is  dissolved  in  water  strongly  acidulated 
with  hydrochloric  acid,  and  a  current  of  sulphurous  anhydride  is 
transmitted  through  the  solution.  This  current  must  be  continued 
during  a  sufficient  time  for  the  liquid,  when  placed  in  a  stoppered 
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bottle  and  well  shaken,  still  to   retain  the  sulphurous  odour  after 
twenty- four  hours. 

Under  these  oonditions,  and  in  consequence  of  the  reducing  action 
of  the  sulphurous  anhydride,  sulphate  of  potassium  and  sulphuric  acid 
are  produced  along  with  hydrated  perchloride  of  chromium,  which 
colours  the  liquid  green. 

Cbroirateof  Hydrochloric  Salpbnroiu  Salptaateof 

potaaaiam.  acid.  anhydride  potawlum. 


+ 


(^r)o.)      +      (C«l.)    +     2(i(0) 

Sulphuric  acid.  Perchloride  of  Water. 

diroDiluin. 


When  the  transformation  of  the  chi'omate  of  potassium  is  complete, 
ammonia  is  added  to  the  liquid.  Ferhydrate  of  chromium  is  precL<< 
pitated,  which  must  be  collected  on  a  filter  and  carefully  washed.     It 

2«  [  ^  +  7  aq[.  j. 

This  compound  is  soluble  in  cold  alkaline  solutions,  but  if  these  solu- 
tions be  heated  it  is  again  precipitated  in  a  different  state  of  hydra- 

1 0«     -(-     6  aq.  j 

Ferhydrate  of  chromium  readily  dissolves  in  acids,  giving  salts  of 
chromium.  When  strongly  heated  it  is  dehydrated,  and  becomes 
incandescent  at  red  heat  and  transformed  into  anhydrous  sesqiiioxide, 
which  is  insoluble  in  acids.  In  this  property  the  hydrate  of  chromium 
resembles  the  hydrates  of  iron  and  aluminium. 

The  chromic  hydrate  and  its  corresponding  salts  present  interesting 
allotropic  modifications :  this  body  takes  different  shades  according  to 
which  modification  of  its  sulphate  it  is  extracted  from;  it  is  grey 
when  precipitated  from  the  violet  sulphate,  and  bluish  grey  when  from 
the  green. 

Persulphate  of  Chromium  (^  P  «vi  [  0*  j. — When  oxide  of  chro- 
mium arising  from  the  desiccation  of  chromic  hydrate  at  100°  is 
digested  in  8  or  10  parts  of  sulphuric  acid,  at  the  end  of  some  days  a 
violet-coloured  sulphate  is  obtained.  This  salt  becomes  green  when 
its  solution  is  boiled,  and  red  when  it  is  heated  for  some  time  to  200^. 

Chloride  of  barium  only  partially  precipitates  the  green  sulphate, 
which  always  retains  part  of  its  sulphuryl. 

Chrome  Alum  (^^t?'|  O*  4-  ®^,'  I  0«  +  24  aq.\— Sulphate  of 

chromium  possesses  the  property  of  combining  with  alkaline  sul- 
phates ;  double  salts  are  thus  formed  which  crystallize  with  twenty-four 
molecules  of  water.  These  salts,  which  are  isomorphous  with  alums, 
are  therefore  called  chrome  alums. 
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The  double  sulphate  of  potassium  and  chromium  is  obtained  by 
making  a  mixture  of  chromate  of  potassium  in  aqueous  solution,  sulphuric 
acid,  and  alcohol.  The  mixture  ought  to  be  made  slowly  that  it  may 
not  become  too  hot,  otherwise  the  sulphate  of  chromium,  instead  of 
being  pix)duced  in  its  violet  modification,  is  produced  in  its  green  form 
and  gives  the  green  double  sulphate  which  does  not  crystallize.  If, 
however,  the  solution  of  this  latter  salt  be  left  alone  for  a  considerable 
time  it  undergoes  a  molecular  transformation  and  changes  to  the  state 
of  violet  crystallizable  chrome  alum. 

The  following  equation  shows  the  formation  of  chrome  alum  : 

Chromate  of  Sulphuric  add.  AloohoL  Water, 

potasiium. 

* "V-""^ ' 

Acetic  acid.  Sulphate  of  Potasaic  chrome  alum. 

potadsiaxii. 

On  replacing  the  chromate  of  potassium  in  this  preparation  by  the 
chromate  of  sodium  or  of  ammonium,  sodic  or  ammoniacal  chrome  alum 
would  be  obtained. 

Crystallized  potassic  chrome  alum  is  violet ;  it  crystallizes  in  octa- 
hedra  and  is  isomorphous  with  the  alums  of  aluminium  and  manganese. 
Water  readily  dissolves  it,  but  it  is  insoluble  in  alcohol. 

At  80^  violet  chrome  alum  is  transformed  into  uncrystallizable  green 
alum. 

Chromio  Anhydride  (CrO'). — ^An  aqueous  solution  of  bichromate  of 
potassium  saturated  at  boiling  point  is  made.  On  cooling,  100  parts  in 
volume  of  this  liquid  are  added  to  from  120  to  150  volumes  of  sulphuric 
acid ;  the  mixture  at  first  becomes  heated,  and  as  it  cools  needles  of 
chromic  anhydride  are  deposited.  The  liquor  is  decanted;  the  needles 
are  placed  between  two  smooth  porcelain  plates  and  submitted  to  strong 
pressure  for  two  or  three  days. 

This  body  always  contains  a  little  sulphuric  acid.  To  eliminate  it, 
the  crystals  are  dissolved  in  water  and  the  solution  shaken  with  a  little 
chromate  of  barium,  the  sulphuric  acid  is  precipitated  as  sulphate  of 
barium,  and  an  equivalent  quantity  of  new  chromio  anhydride  enters 
into  the  solution.  When  this  has  become  clear  by  standing,  it  is  de- 
canted  and  crystallized  in  vacuo. 

Chromio  anhydride  crystallizes  in  long  needles  of  a  beautiful  red 
colour.  Heat  decomposes  it  into  oxygen  and  sesquioxide  of  chromium ; 
light  acts  in  the  same  way,  but  slowly. 

On  account  of  the  great  instability  of  chromio  anhydride  it  is  a 
powerful  oxidizer.  Alcohol  reduces  it  immediately,  and  can  even  take 
fire  under  its  influeace.  Sulphurous  anhydride  and  all  reducing 
agents  act  in  a  similar  manner. 
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Hjdrochlorio  acid  trausforms  this  compound  into  water  and  per- 
chloride  of  chromium,  while  chlorine  is  disengaged. 

KH  +  '2(ciD  =  (C'^Cl-).+    3(g))  +    6(g}0) 

Chromic  Hydrochloric  rerchloride  Chlorine.  Water. 

anhydride.  acid.  of  chromium. 

In  presence  of  bases  that  are  readily  oxidized,  like  ferrous  hydrate, 
chromic  acid  is  reduced  and  in  consequence  does  not  give  saltp. 

TT8  [0^ )  has  not  been  obtained,  but  a  whole  class 

of  saltij  representing  this  acid,  in  which  the  two  atoms  of  hydrogen  are 
replaced  by  metals,  in  known.    The  neutral  ttalts  answer  to  the  formula 

(  CrO*"<  Q^,  \ — (M'  being  any  monatomic  metal).  Acid  salts  may  also  be 

conceived  which  would  answer  to  the  formula  (  Ci*0*"  <  qt^j/ ),  but  none 

of  them  have  as  yet  been  prepared. 

The  most  important  of  the  chromates  is  the  chromate  of  potassium. 

Keutral  Chromate  of  Fotassiuni  I       tt.  >0*  1. —  The  principal  ore 

of  chromium  is  a  compound  to  which  mineralogists  have  given 
the  name  of  chrome  iron-stone,  and  which  answers  to  the  formula 

(  Fe"  (  ^*  )*    ^^^®^  ^^^^  ^^®  ^^  calcined  with  half  its  weight  of  nitrate 

of  potassium,  these  two  compounds  react  on  each  other,  giving  rise  fo 
chromate  of  potassium.  The  halogen  residue  of  nitric  acid  contained 
in  the  nitrate  of  potassium  here  acts  as  a  simple  oxidizer. 

The  resulting  mass  is  treated  with  water,  and  as  this  water, 
besides  the  chromate  of  potassium  dissolves  also  silicate  of  the  same 
metal  arising  from  tlie  quartz  with  which  the  ore  was  mixed,  nitric 
acid  must  be  added  to  precipitate  the  silica.  Under  the  influence 
of  this  acid,  the  neutral  chromate  passes  to  the  state  of  bichromate, 
which  is  separated  by  crystallization.  The  bichromate  of  potassium  is 
then  again  dissolved  in  water,  and  for  297  parts  of  this  salt  138  paiis 
of  carbonate  of  potassium  are  added ;  the  liquid  on  evaporating  leaves 
beautiful  yellow  crystals  of  neutral  chromate  of  potassium. 

Bichromate  of  potassimn.       Potassic  carbonate.  Carbonic  Neutral  chromate 

anhydride.  of  potassium. 

The  neutral  chromate  of  potassium  has  strong  colouring  power,  so 
that  very  small  quantities  of  this  salt  are  sufficient  to  colour  large 
quantities  of  water  yellow. 

Chlorinated    Derivatives     of    Chromio     Acid.  —  A      compound 
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lU 


( CrO*"-J  PI  j  is  known  which  represents  the  normal  chromic  acid  i 

which  one  hydroiyl  is  replaced  by  chlorine,  the  other  remaining  intact. 
This  componnd,  which  is  called  chromic  chlorhydrin,  only  exists  how- 
ever when  joined  to  two  molecules  of  hydrochloric  acid,  as  the  formula 

fCrO*"-!  pp  2(pjjj  expresses.      The  hydrochloric  acid  appears  to 

exist  here  in  the  same  state  as  the  water  of  crystallization  in  salts,  and 
consequently  we  need  not  take  it  into  account  in  explaining  the  atomic 
composition  of  the  body. 

Chromic  chlorhydrin  also  containing  an  atom  of  typical  hydrogen,  may 
exchange  it  for  a  metal,  and  form  salts.     A  body  of  this  kind  is  known 

which  contains  potassiam;  its  formula  is  (  CrO''\   pi  ].      It  has  been 

improperly  called  chromate  of  chloride  of  potassium.  It  is  obtained  by 
bailing  chromate  of  potassium  with  hydrochloric  acid,  and  on  cooling 
the  solution  deposits  beautiful  red  needles. 

KiSI)  +  KSD '  (^1")  +  (oil)  +  Kfa) 

Kcutral  chromate  Hydrochloric  Water.  Gliloride  of  Chromate  of 

of  potassiam.  add.  potaaslmn.         chloride  of  potaissium. 

A  compound  is  also  known  which  results  from  the  substitution  of 
two  atoms  of  chlorine  for  the  two  halogen  residues  of  the  bases  which 
act  in  neutral  chromates.  This  body  is  improperly  called  chlorochromio 
acid ;  it  ought  to  be  named  chloride  of  chrumyl  or  chromic  dichlorhy- 

drin.     Its  formula  is  (CrO*"< p.).     It  is  decomposed  on  contact  with 

water,  producing  hydrochloric  acid  and  chromic  anhydride. 

K1S)  +  (g;o)  -  M  +  KSD 

Chloride  of  chromyl.  Water.  Chromic  Hydrochloric 

anhydride.  acid. 

The  chloride  of  chromyl  is  obtained  by  distilling  a  mixture  of 
melted  chloride  of  sodium,  chromate  of  potassium,  and  sulphuric  acid. 

Condensed  Derivatives  of  Chromic  Aoid. — Like  polyatomic  acids 
in  general,  and  particularly  like  sulphurio  acid,  to  which  it  corresponds 
in  constitution,  chromic  acid  possesses  the  property  of  being  condensed. 

/CrO*"  \^^\ 
It  is  true  that  neither  the  dichromic  acid  i  .„  _,.„  { O     i  corresponding 

yCrO*"  ]oH/ 

to    the     di  sulphuric     acid     is     known,     nor     the    trichromic    acid 

CrO«"  )0H\ 

O     \ 
CiO*"  ]         1,  but  we   know   an  acid  which  only  differs  from  di- 

jCrO"'  )oh/ 
chromic  by  the  Bubstitution  of  eulpliuiyl  (SO'")  for  chiomyl  (CrO'"). 
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This  is  the  sulphochromic  acid  (  { O     I.     Salts  also  exist  which 

\    SO*    J  OH/ 


are  derived  either  from  sulphochromic  acid  or  from  the  unknown 
dichromic  acid,  or  even  from  the  trichromio  acid.  These  are  the 
potassic  dichromate  and  the  trichromate  of  the  same  metal. 

We  have  already  seen  how  this  salt  is  prepared  when  speaking  of  the 

neutral  chromate  of  potassium.     It  is  a  body  which  crystallizes  in 

beautiful  urange-red  crystals,  which  have  as  great  a  colouring  property 

as  the  chromate  of  potassium. 

/CrO«"JOK\ 

I  I  0"  \ 

Fotasslc  Triohioinato  I  CrO"'  )        I    =    (Cr'K'O").— Thia  Iwdy 

\CrO«"  I  OK/ 
is  separated  in  beautiful  pearly  crystals  of  a  reddish-black  colour,  when 
a  solution  of  dichromate  of  potassium  in  ordinary  nitric  acid,  satu- 
rated at  60^,  is  left  to  cool.     This  body  becomes  black  in  the  air,  boils 
between  145°  and  160°,  and  has  a  density  of  3-631. 

Ferchromio  Add  (CrH*0*). — This  acid  is  not  certainly  known. 
When  oxygenated  water  is  made  to  act  on  chromic  acid,  a  substance  is 
produced  to  which  is  attributed  the  composition  of  perchromic  acid  or 
anhydride ;  it  is  blue,  soluble  in  ether,  and  very  unstable. 

Sulphide  of  Chromium. — Chromium  combines  with  sulphur  and 
forms  a  sesquisulphide  of  this  metal  (Cr*S'). 

Distinotive  Characters  of  the  Salts  of  Chromium. — These  salts  are 
recognized  by  the  following  properties : 

1st  With  the  soluble  proto-salts,  fixed  alkalies  give  a  deep-brown 
precipitate  which  becomes  a  clear  brown.  With  per-salts  they  give  a 
violet  precipitate  which  is  soluble  in  an  excess  of  the  reagent,  but 
which  is  again  deposited  when  the  solution  is  boiled. 

2nd.  Hydrosulphuric  acid  does  not  precipitate  either  the  per-  or  the 
proto-salts. 

3rd.  With  proto-salts  the  alkaline  sulphides  give  a  black  precipitate, 
and  with  per  salts  a  greyish-green  precipitate  of  per-hydrate. 

4th.  All  the  compoimds  of  chromium,  when  ceJcined  with  a  mixture 
of  carbonate  and  nitrate  of  potassium,  give  a  soluble  chromate  of 
potassium. 

COBAIiT  Co. 

Atomic  wcld^ht  s  59.    Molecular  weight  unkcown. 

Cobalt  may  be  obtained  by  reducing  its  oxide  by  charcoal  at  a  high 

temperature;  but  it  is  obtained  purer  by  calcining  the  oxalate  of  tliis 

melal : 

(C*Co"0*)        =       2  (CO*)       -4-       Co. 

Oxalate  of  Carbonic  Cobalt, 

cobalt.  anhydride. 
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Cobalt  may  also  be  prepared  by  tbe  reduction  of  its  oxide  by  means 
of  hydrogen.  When  the  reduction  takes  place  at  a  relatively  low 
temperature,  the  metal  obtained  is  pyrophoric. 

There  is  a  third  process  by  which  cobalt  may  be  obtained,  consisting 
in  the  reduction  of  the  chloride  by  hydrogen  at  an  elevated  tem- 
perature. 

Cobalt  is  silver-white;  it  presents  a  fine  grained  fracture;  its  density 
is  8*50 ;  it  is  very  magnetic  and  only  slightly  malleable.  Its  fusing 
point  is  about  equal  to  that  of  iron ;  it  can  be  preserved  for  any  length 
of  time  in  the  air  and  under  water  at  the  ordinary  temperature ;  at  an 
elevated  temperature,  on  the  contrary,  it  readily  oxidizes. 

This  metal  unites  directly  with  chlorine,  bromine,  and  iodine.  It 
slowly  dissolves  in  sulphuric  and  hydrochloric  acids,  disengaging 
hydrogen ;  nitric  acid  attacks  it  energetically. 

Cobalt  combines  with  two  atoms  of  chlorine,  bromine,  iodine  or 
fluorine,  and  forms  the  following  oompounds  : 

Chloride  of  cobalt CoCP 

Bromide       „  CoBr" 

Iodide  „  Col« 

Fluoride       „  CoFl« 

Bei^ides  these,  when  sesqnioxide  of  cobalt  is  dissolved  in  hydrochloric 
acid,  a  red  liquid  is  formed  which  disengages  chlorine  on  the  slightest 
elevation  of  tempemture.  It  is  generally  admitted  that  this  liquid 
contains  a  chloride  of  cobalt  (Co*Cl*). 

With  oxygen  cobalt  forms  : 

A  protoxide CoO 

A  sesquioxide Co*0' 

A  saline  oxide Co'O* 

The  hydrate  (   mfO* )  corresponds  to  the  protoxide.     This  hydrate 

may  exchange  its  two  atoms  of  typical  hydrogen  for  acid  radicles  and 
form  proto-salts  of  cobalt. 

A  hydrate  (     hH^*  )  ^"S^*  ^^  correspond  to  the  so^quioxide,  but  it 

(Co**'  I  \ 
TT<  >  0*  j  alone  exists.  The  sesqui- 
oxide of  cobalt  dissolves  in  acids,  especially  in  acetic  acid,  forming  per- 
salts  which  are  very  unstable ;  by  the  action  of  heat  they  lose  oxygen, 
and  are  trausfoimed  into  proto-salts.  There  are  three  sulphides  of  cobalt 
known,  coiTesponding  to  three  of  the  sulphides  of  iron.     They  are  : 

The  protosulphide  of  cobalt   .     .     .     CoS 

The  sesquisulphide Co'S' 

llie  bisulphide CoS* 

Cobalt  can  also  combine  with  phosphorus  and  arsenic. 
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From  ihe  preceding  remarks,  it  may  be  concluded  that  the  tetratomici  ty 
of  the  salts  of  cobalt  is  somewhat  doubtful,  this  metal  always  acting  as 
bivalent,  and  those  of  its  compounds  in  which  it  acts  with  a  greater 
atomicity  being  so  unstable  that  their  formula  cannot  be  fixed  with 
certainty,  with  the  exception  of  the  sesquioxide,  which  proves  nothing 
on  account  of  the  biatomicity  of  oxygen. 

Nevertheless,  as  the  per-compounds  of  metals  of  this  series  diminish 
in  stability  the  further  these  metals  remove  from  aluminium  to  approach 
cobiilt  and  nickel ;  as,  after  all,  though  their  composition  cannot  be 
established  with  cei'tainty,  the  analogies  of  cobalt  with  iron  and  man- 
ganese leave  no  doubt  as  to  the  formula  of  its  per-salts,  cobalt  can 
scarcely  be  separated  from  the  other  metals  of  this  group,  and  its 
atomicity  ought  to  be  considered  as  equal  to  four. 

The  resemblance  between  cobalt  and  iron,  and  the  tetratomicity  of 
the  first  of  these  metals,  become  evirlent  wlien  their  cyanogen  com- 
pounds, of  which  we  shall  speak  in  organic  chemistry,  are  considered. 

BeactionB  of  the  Salts  of  Cobalt. — llie  salts  of  cobalt  are  recognized 
by  the  following  properties  : 

1st.  They  are  all  of  a  reddish  colour :  one,  the  chloride,  becomes  blue 
when  heated,  and  regains  its  original  colour  on  cooling.  From  this 
propei-ty  this  salt  is  used  as  a  sympathetic  ink,  its  blue  colour  prevail- 
ing in  sufficient  intensity  over  the  red  to  enable  its  diluted  solution  to 
give  invisible  characters,  which  appear  blue  when  heated. 

2nd.  In  the  solution  of  these  salts  fixed  alkalies  give  a  lavender-blue 
precipitate  of  proto-hydrate  of  cobalt. 

3rd.  Ammonia  produces  an  analogous  reaction,  but  the  precipitation 
is  incomplete,  and  would  not  take  place  at  all  in  presence  of  an  excess 
of  acid  or  of  an  ammoniacal  salt.  The  ammoniacal  solution  thus 
obtained  is  not  precipitated  by  potash ;  but  if  it  be  exposed  to  the  air 
after  being  treated  by  this  alkali  it  soon  deposits  hydrated  sesqui- 
oxide of  "cubalt  Cobalt  may  also  be  precipitated  by  the  sulphide  of 
ammonium. 

4th.  Hydrosulphurio  acid  does  not  precipitate  the  salts  of  cobalt. 

5th.  Alkaline  sulphides  give  a  black  precipitate  of  sulphide  of  cobalt 
which  is  insoluble  in  acetic  acid  and  in  dilute  hydrochloric  acid. 

6th.  Alkaline  carbonates  produce  a  rose-coloured  precipitate  of  car- 
bonate of  cobalt  in  the  aqueous  solution  of  its  salts. 

7th.  The  compounds  of  cobalt  give  a  blue  bead  when  heated  before 
the  blowpipe  with  borax. 


NICKEL  Ni. 

Atomic  weight  =  59.    MolecuUr  weight  unknown. 

Nickel  is  obtained  in  a  metallic  state  by  processes  that  are  absolutely 
identical  with  those  used  for  cobalt. 

This  metal  is  silver- white ;  it  is  mHlleablo  and  ductile,  very  mag- 
netic at  the  ordinary  temperature,  but  loses  this  property  at  H50°;  its 
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doDsity  is  8*666.  It  is  about  as  fusible  as  manganese.  Charcoal  forms 
with  nickel  a  compound  more  fusible  than  the  pure  metal,  analogous 
to  cast  iron.  Nickel  is  not  affected  by  the  air ;  at  a  high  tempera- 
ture it  bums  in  oxygen.  Dilute  hydrochloric  and  sulphuric  acids 
dissolve  it,  disengaging  hydrogen.     Nitric  acid  also  dissolves  it. 

Nickel  has  been  used  in  the  arts  for  the  last  few  years.  It  enters 
into  the  composition  of  Belgian  and  Swiss  copper  money,  and  also  of 
packfong  (German  silver),  which  alloy  contains  60  parts  of  copper,  25 
of  nickel,  and  25  of  zinc ;  it  is  used  in  clockwork,  etc. 

A  single  combination  of  nickel  with  each  of  the  halogen  metalloids 
is  known.  This  combination  corresponds  to  the  formula  (NiR'*). 
Oxygen  unites  with  nickel  in  two  proportions,  and  forms  the  prot- 
oxide (NiO)  and  the  sequioxide  (Ni*0"*).  A  hydrate  (tt*  \  O*)  corre- 
sponds to  the  protoxide.  The  hydrogen  of  this  hydrate  can  be  replaced 
by  acid  radicles,  and  salfs  of  nickel  formed,  which  might  be  called 
proto-salts.  The  sesquioxide  loses  oxygen  in  presence  of  acids,  being 
transformed  into  proto-salts,  and  chlorine  is  disengaged  on  its  contact 
with  hydrochloric  acid,  giving  protochloride.  No  salt  of  nickel  cor- 
responding to  the  sesquioxide  is  known. 

The  simple  sulphate  and  the  double  sulphates  which  nickel  foims 
are  isomorphous,  not  only  with  the  sulphates  of  cobalt,  but  also  with 
the  protosidphates  of  iron  and  manganese,  and  with  those  of  the  metals 
of  the  magnesian  series. 

The  tetratomicity  of  nickel  is  still  more  difficult  to  establish  than 
that  of  cobalt.  Here  we  have  only  a  single  compound  on  which 
this  tetratomicity  can  be  based,  the  sesquioxide,  an  unstable  body, 
incapable  of  forming  salts,  capable  of  being  considered  as  resulting 
from  the  aggregation  of  several  molecules  of  oxygen,  and  consequently 
proving  nothing.  On  the  other  hand,  nickel  greatly  resembles  zinc, 
magnesium,  etc.  It  would  therefore  appear  more  rational,  at  first 
sight,  to  class  it  among  biatomic  instead  of  tetratomic  metals.  Never- 
theless, as  the  reasons  we  gave  when  treating  of  cobalt  caused  us  to 
class  this  latter  body  with  iron,  the  great  analogy  between  nickel  and 
cobalt  compels  us  also  to  place  nickel  among  the  tetratomic  metals, 
observing  that  if  its  absolute  or  true  atomicity  be  equal  to  4,  its  appa- 
rent or  manifest  atomicity  is  never  equal  to  more  than  2. 

BiBtinctive  Characters  of  Salts  of  NlckeL — The  distinctive  charac- 
ters of  salts  of  nickel  are  the  following  : 

1st.  These  salts  are  of  an  emerald-green  colour. 

2nd.  Fixed  alkalies  produce  in  their  solutions  an  apple-green  preci- 
pitate of  hydrate  of  nickel. 

3rd.  Ammonia  partially  precipitates  perfectly  neutral  salts  of 
nickel.  If  these  salts  are  acid,  or  contain  an  ammoniacal  salt,  am- 
monia does  not  precipitate  them.  When  precipitation  takes  place, 
the  precipitate  dissolves  in  an  excess  of  the  reagent,  and  the  liquid 
becomes  blue. 
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4th.  Hjdrosulphurio  acid  does  not  precipitate  them ;  the  alkaline 
sulphides  produce  a  black  precipitate,  which  is  insoluble  in  acetic 
acid  and  in  dilute  hydrochloric  acid. 

6th.  The  cyanide  of  potassium  produces  a  precipitate  soluble  in  an 
excess  of  the  reagent.  The  precipitate  will  be  reproduced  if  the 
liquid  be  saturated  by  sulphuric  acid.  This  property  distinguishes 
nickel  from  cobalt  With  salts  of  the  latter  metal  the  cyanide  of 
potassium  forms  a  precipitate  soluble  in  an  excess  of  the  reagent;  but 
when  the  precipitate  is  once  dissolved,  sulphuric  acid  does  not  cause  it 
to  reappear. 


UEAD  Pb. 

Atomic  weight  =  207.    Molecular  weight  unknown. 

Lead  is  generally  extracted  from  its  sulphide,  known  under  the 
name  of  galena.     There  are  different  methods  of  extracting  it : 

1st,  the  ore  is  imperfectly  roasted ;  a  part  of  the  sulphide  is  trans- 
formed into  sulphate  of  lead  : 

(PbS)       +       2(g})       =       (SPbO') 

Sulphide  Oxygen.  Sulphate  of 

of  lead.  lead. 

A  second  part  forms  oxide  of  lead  and  sulphurous  anhydride : 
2(PbS)     +     ^(n])     =     2(S0«)     +     2(PbO) 

Sulphide  Oxygen.  Salphurous  Oxide  of 

of  lead.  anhydride.  lead. 

A  third  portion  remains  in  the  state  of  unattacked  sulphide  of  lead. 

When  the  oxidation  is  considered  to  be  sufficiently  advanced  for  the 
mass  to  contain  the  required  proportions  of  oxide,  sulphate,  and  sul- 
phide, the  access  of  air  is  arrested,  and  the  mass  is  strongly  heated. 
The  sulphate  and  oxide  of  lead  react  on  the  sulphide ;  sulphurous 
anhydride  is  disengaged,  and  metallic  lead  remains. 

(PbS)       +       (SPbO*)       =       2(S0«)       +       2Pb 

Sulphide  Sulphate  Sulphurous  Lead, 

of  lead.  of  lead.  anhydride. 

(PbS)       +       2(PbO)       =       (SO')       +       3Pb 

Sulphide  Oxide  of  Sulphuroui  Lead, 

of  lead.  lead.  anhydride. 

The  lead  may  also  be  extracted  by  entirely  transforming  the  sul- 
phide into  oxide  by  roasting,  and  then  reducing  the  oxide  by  charcoal, 
or  by  directly  heating  galena  with  iron,  which  combines  with  the 
sulphur  and  liberates  lead. 

Lead  is  of  a  bluish-grey  colour ;  it  presents  a  metallic  aspect  when 
newly-cut,  but  readily  tarnishes  in  air.  It  is  soft,  and  leaves  traces  on 
paper  when  drawn  along  it. 
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The  density  of  pure  lead  is  11*445,  whicb,  instead  of  increasing  by 
hammering,  as  is  the  case  with  other  metaLs,  diminishes.  Lead  crys- 
tallizes in  regular  octahedra  or  in  pyramids  with  four  faces.  These 
crystals  may  be  artificially  obtained. 

Lead  melts  at  334°,  and  may  be  volatilized  by  the  blowpipe.  This 
metal  is  the  sixth  in  rank  for  malleability,  and  the  eighth  for  ductility. 
Its  tenacity  is  very  slight. 

Melted  lead  can  dissolve  a  small  quantity  of  oxide,  which  renders  it 
brittle,  but  it  loses  this  property  by  being  stirred  with  charcoal  while 
melted.  It  may  be  kept  for  any  length  of  time  in  air ;  a  slight  layer  of 
oxide  appears  to  be  formed  on  its  surface,  but  this  preserves  the 
remaining  metal  against  any  further  oxidation:  when  heated,  lead 
readily  oxidizes. 

When  lead  is  left  in  pure  water  exposed  to  the  air,  the  metal  absorbs 
oxygen  and  carbonic  anhydride,  and  gives  an  hydratcd  carbonate  of 
lead.  Soluble  salts,  especially  the  sulphate  of  calcium,  prevent  this 
reaction  taking  place,  and  thereby  preserve  ordinary  water-pipes  from 
oxidation. 

Hydrochloric  acid  and  dilute  sulphuric  acid  do  not  perceptibly 
affect  lead,  but  concentrated  sulphuric  acid  attacks  it,  disengaging 
sulphurous  anhydride  and  forming  sulphate  of  lead.  The  best  solvent 
for  lead  is  nitric  acid. 

Lead  easily  combines  with  mercury  and  forms  an  amalgam,  which 
is  either  liquid  or  solid,  according  as  the  mercuiy  or  lead  pre- 
dominates. * 

Lead  is  tetratomio.  It  can  combine  with  four  molecules  of  two 
organic  monatomio  radicles,  methyl  and  ethyl ;  we  know  : 

Lead-ethyl (Pb(C«H*)'0- 

Lead-methyl (Pb(CH»)'*). 

The  formula  of  these  compounds  is  not  doubtful ;  the  fourth  part  of 
ethyl  or  methyl  therein  may  be  replaced  by  chlorine  or  by  iodine,  which 
wonld  be  impossible  if  they  contained  less  than  four  molecules  of  these 
radicles. 

With  simple  monatomic  bodies,  lead  always  acts  as  bivalent,  which 
means  that  it  is  never  saturated.     Tl^ere  exist : 

A  chloride  of  lead         PbCl«.' 

A  bromide  PbBr*. 

An  iodide PbP. 

A  fluoride PbFP. 

Lead  also  combines  with  biatomic  metalloids :  it  forms  a  single 
compound  with  sulphur,  the  sulphide  of  lead  Pb"S. 

It  combines  in  different  proportions  with  oxygen.  We  find  four  dis- 
tinct oxides : 
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The  suboxide Pb»0. 

The  protoxide Pb"0. 

Minium  or  red  lead Pb"0*. 

And  the  binoxide  (plumbic  anhydride)    .      .      .  Pb**0*. 

In  the  two  last  of  these  oxides  lead  aots  with  its  maximum  atomicity. 

/Pb'Mom 

A  condensed  hydrate  I  (0     I  to  which  salts  correspond,  is 


\ri>"  )oH/ 


classed  with  the  protoxide.     The  simple  hydrate  {  Pb"  <  qtt  )  has  not 

yet  been  obtained,  but  a  great  number  of  salts  are  known  which 
result  from  the  substitution  of  acid  radicles  for  the  typical  hydrogen 
of  this  base. 


Haloid  Compounds  of  Lead. 

Chloride  of  Ijead  ( Pb"  <  pj  j. — The  chloride  of  lead  may  be  pre- 
pared bj'  heating  the  oxide  of  lead  with  hydrochloric  acid.  A  white 
powder  is  thus  obtained,  which  when  dissolved  in  boiling  water  crys- 
tallizes on  cooling  in  beautiful  acicular  crystals  having  a  silvery  lustre. 
This  salt  may  also  be  prepared  by  adding  hydrochloric  acid  or  a 
soluble  chloride  to  the  cold^olution  of  a  salt  of  lead. 

i8t(pbo)    +    2(g))     =     (Pb"ci«)    +    (n|o) 

Oxide  of  Hydrochloric  Chloride  of  Water, 

lead.  acid.  lead. 

^^- (r^- 1  gp  +  K  cl  I) -K'S:  !»)  +  (">'■  IS) 

Neutral  nitrate  of  Chloride  of  Sodic  nitrate.  Chloride  of  lead, 

lead.  Bodinin. 

Chloride  of  lead  is  very  sparingly  soluble  in  cold  water,  but  more  so  in 
boiling  water ;  alcohol  docs  not  dissolve  it  at  all. 

Chloride  of  lead  melts  at  red  heat,  and  if  heated  still  higher  emits 
abundant  fumes.  When  melted  and  cooled,  it  forms  a  translucent 
mass  which  may  be  cut  by  a  knife. 

In  the  arts,  compounds  of  chloride  and  oxide  of  lead,  oxychlorides, 
the  exact  atomic  composition  of  which  is  unknown,  are  used  for  paints. 
These  products  all  have  a  yellow  colour. 

Bromide  of  Lead  (PbBr"). — This  is  obtained  by  double  decom- 
position by  means  of  a  soluble  salt  of  lead  and  a  soluble  bromide ;  it 
is  insoluble  in  alcohol,  very  slightly  soluble  in  cx)ld,  but  more  soluble  in 
boiling  water.  liike  the  chloride,  it  crystallizes  in  beautiful  scales 
from  a  saturated  solution  in  boiling  water. 

Iodide  of  Lead  (Pbl*). — This  is  prepared  like  the  bromide  and  the 
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chloride,  with  the  exception  that  in  the  reaction  a  soluble  iodide  is 
substituted  for  the  chloride  or  bromide. 

Iodide  of  lead  is  yellow,  insoluble  in  alcohol,  very  slightly  soluble 
in  cold  but  more  readily  in  boiling  water.  When  this  solution  is 
cooled,  the  salt  ciystallizes  in  beautiful  golden-yellow  scales.  Melted 
in  the  air,  it  is  transformed  into  an  oxyiodide,  losing  iodine.  When 
heated  with  exclusion  of  the  air,  it  becomes  reddish  yellow,  then 
brick  red,  then  brownish  red,  and  it  finally  melts  into  a  liquid  of  the 
same  colour,  which  on  cooling  becomes  a  yellow  solid.  Iodide  of 
lead  combines  with  hydrochloric  acid,  with  the  iodides  of  potassium 
and  ammonium,  etc.,  forming  double  salts ;  with  ammonia  it  forms  the 
iodide  of  plombo-diammonium  ([PVH'N*]!*). 


Combinations  of  Lead  with  Bi atomic  Mktatjloids. 

Sulphide  of  Lead  (PbS)  (Oalena), — This  is  the  most  abundant  ore 
of  lead.  Sulphide  of  lead  can  also  be  obtained  artificially  by  causing 
hydrosulphuric  acid  to  act  on  the  solution  of  a  soluble  salt  of  lead. 

Neatral  sulphate  Hydrosiilpbaiic  Nitric  add.  Sulphide 

of  lead.  acid.  of  lead. 

The  sulphide  of  lead  prepared  by  double  decomposition,  constitutes 
a  black  amorphous  powder.  Galena,  on  the  contimy,  crystallizes  in 
the  cubic  system.  Its  crystals  are  of  a  bluish-grey  colour  and  possess 
a  metallic  lustre.  Its  density  is  from  7  •  25  to  7  •  7 ;  it  melts  at  red  heat 
and  can  even  be  slightly  volatilized. 

We  have  already  seen  that  when  galena  is  roasted,  sulphurous  anhy- 
dride is  formed  and  oxide  and  sulphate  of  lead  ;  we  have  also  seen  that 
galena  when  heated  with  either  oxide  or  sulphate  of  lead,  and  pro- 
tected from  the  air,  gives  sulphurous  anhydride  and  metallic  lead. 

Neither  hydrochloric  acid  nor  dilute  sulphuric  acid  attack  galena ; 
but  the  latter  acid  when  concentrated  yields  oxygen  to  the  galena, 
which  passes  to  the  state  of  sulphate,  and  the  acid  is  decomposed  into 
water  and  sulphurous  anhydride. 

Dilute  nitric  acid  transforms  galena  into  nitrate  of  lead,  with  de- 
position of  sulphur  arising  from  the  hydrosulphuric  acid  which  is  first 
formed,  and  which  the  nitric  acid  afterwards  decomposes. 

(Pbs)      +       .fSjo)       .       (Pb.|ONO;)      ^      (H(3) 

Sulphide  Nitric  add.  Nitrate  of  lead.  Hydrosulpburic 

of  lead.  acid. 

If  the  nitric  acid  be  concentrated,  a  part  of  the  deposited  sulphur 
becomes  oxidized,  sulphuric  acid  is  formed,  and  this  acid  precipitates 

X 
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an  equivalent  quantity  of  lead  in  the  state  of  insoluble  sulphate.  The 
same  products  are  therefore  obtained  as  with  the  dilute  acid,  with  the 
addition  of  the  sulphate  of  lead.  If  the  acid  is  at  the  maximum  of 
concentration,  all  the  sulphur  passes  to  the  state  of  sulphuric  acid,  and 
in  consequence  only  the  sulphate  of  lead  is  obtained. 

Galena  is  often  argentiferous ;  the  ores  richest  in  silver  are  those 
crystallized  in  small  cr}'stals. 

Besides  the  sulphide  of  lead  (PbS),  there  appears  to  exist  a  sulphide 
(Pb*S)  and  another  sulphide  (Pb*S).  The  former  sulphide  is  formed 
during  the  metallui^c  treatment  of  galena.  It  may  also  be  prepared 
by  melting  two  atoms  of  lead  with  one  atom  of  sulphur.  The  latter 
sulphide  is  obtained  by  calcining  100  parts  of  galena  with  84  parts 
of  lead. 

Protoxide  of  Lead  (PbO). — ^When  lead  is  heated  in  air,  a  yellow 
powder  is  formed,  which  is  called  massicot,  and  which  is  protoxide  of 
lead.  Massicot  is  also  formed  when  carbonate  or  nitrate  of  lead  is 
submitted  to  careful  calcination.  K  massicot  be  melted,  it  crystallizes 
on  cooling,  and  is  then  called  lUharge, 

Oxide  of  lead  assumes  various  shades ;  for  instance,  if  litharge  be 
heated,  instead  of  remaining  reddish  yellow,  it  becomes  bright  yellow, 
regaining  its  original  colour  on  cooling.  Litharge  decomposes  alkaline 
salts,  liberating  caustic  alkali ;  for  this  effect  it  is  necessary  that  the 
oxide  of  lead  be  in  excess.  When  litharge  is  boiled  with  a  highly- 
concentrated  solution  of  potash,  it  is  dissolved.  When  the  liquid 
cools,  the  oxide  is  again  deposited  in  very  heavy  small  crystals. 

The  protoxide  of  lead  melted  and  submitted  to  a  red  heat  absorbs 
oxygen,  which,  like  metallic  silver,  it  gives  off  on  cooling.  If  heated 
in  an  earthen  crucible,  it  combines  with  the  silica  contained  in  this 
crucible,  forming  a  fusible  silicate,  and  speedily  penetrates  and  destroys 
the  crucible. 

Protoxide  of  lead  enters  into  double  decomposition  with  acids,  and 
gives  very  stable  salts  of  lead,  it  is  therefore  a  basic  anhydride.  We  have 
just  seen  that  it  can  also  dissolve  in  alkaline  liquids  and  sometimes  act 
as  acid  anhydride.  Nevertheless,  its  basic  are  very  much  stronger 
than  its  acid  properties. 

When  protoxide  of  lead  is  heated  for  a  long  time  in  air  without 
being  melted,  minium  is  formed. 

Hydrate  of  Iiead  (Pb  |  qtt). — This  hydrate   is  not  known,   but 

there  is  a  large  number  of  salts  corresponding  to  it,  the  most  im- 
portant of  which  are  the  sulphate,  nitrate,  chromate,  acetate,  and  car- 
bonate. 

/SO*" )      \ 
Sulphate  of  I«ead  [p-un  (  O'  j. — In  manufactories  where  woven  goods 

are  printed,  acetate  of  aluminium  is  prepared  by  precipitating  the 
sulphate  of  aluminium  by  acetate  of  lead  ;  sulphate  of  lead  is  formed  in 
this  reaction  as  an  accessory  product. 
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Alnminic  salphale.  Acetate  of  lead.  Acetate  of  alomlnltiin. 

+  3(^:|o.) 

Sulphate  of  lead. 

Sulphate  of  lead  fonius  a  white  powder,  which  is  insoluble  in  water, 
and  slightly  soluble  in  acid  liquids.  Ammoniacal  salts  dissolve  it, 
entering  into  double  decomposition  with  it.  Of  all  the  salts  of  am- 
monium, the  tartrate  is  the  best  solvent  of  the  sulphate  of  lead. 

Sidphate  of  lead  cannot  be  decomposed  by  heat  alone,  a  property  which 
clearly  distinguishes  it  from  the  sulphates  of  all  the  ordinary  metals. 
Iron,  zinc,  and  charcoal  reduce  it.  With  charcoal,  the  sulphate  of  lead 
is  converted — according  to  the  proportions  in  which  these  two  bodies 
are  mixed,  and  the  greater  or  less  rapidity  with  which  they  are  heated, 
—  into  sulphide  or  sub-sulphide  of  lead,  or  even  into  metallio  lead ;  in 
the  two  latter  cases  sulphurous  anhydride  is  disengaged. 

Boiled  with  a  solution  of  carbonate  of  sodium,  sulphate  of  lead  is 
converted  into  carbonate,  while  the  sodium  passes  to  the  state  of 
sulphate. 

If  a  mixture  of  one  molecule  of  sulphate  of  lead  and  half  a  molecule 
of  lime  be  moistened  and  left  alone,  hydrate  of  lead  is  formed  which 
can  be  dissolved  in  acetic  acid  and  transformed  into  acetate. 

(  I*^"  JoNO*)' — ^^®  nitrate  is  prepared  by  dissolv- 
ing metallic  lead  or  its  oxide,  in  boiling  nitric  acid.  The  salt,  being 
veiy  slightly  soluble  in  acid,  is  precipitated  as  it  is  formed.  It  is  dis- 
solved in  water  and  crystallized. 

Nitrate  of  lead  dissolves  more  readily  in  hot  water  than  in  cold. 
Alcohol  does  not  dissolve  it  Heat  decomposes  it  into  oxygen,  hypo- 
nitride  and  oxide  of  lead.    When  boiled  with  oxide  of  lead,  it  is  trans* 

formed  into  a  basic  salt,  answering  to  the  formula  (  Pb"  <  qj^    \ 

(pb"{8p  +  (m)  +  (i)o)  .  <™-{»»°) 

Neutral  nitzate  of  Oxide  of  Water.  Beoic  nitralR  of  lead, 

lead.  lead. 

Heated  with  metallic  lead  and  water,  it  is  transformed  into  a  nitrite 
with  a  great  excess  of  metal.  This  nitrite,  submitted  to  the  action  of 
a  current  of  carbonic  anhydride,  gives  carbonate  and  neutral  nitrite  of 
lead. 

/  pb.-  {ONOj 

!«*•    (P^"i0N^)    +     2Pb     =        PV'lg 


Nitrate  of  Iiead 


Pb"  {ONO 


Neutral  nitrate  Lead.  Triplumbic 

of  lead.  nltiltc. 


X    2 
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\  Pb"  ioNoJ  / 

TriplTunbio  Carbonic  Carbonate  Neutral  nitrite 

nitrite.  •anhydride.  of  lead.  of  lead. 

Chromate  of  Lead  (    pij"|  0*\— Chromate  of  lead  is  prepared  from 

tbe  acetate  of  lead  and  potassic  chromate  or  bichromate  by  double 
decomposition. 

r™}o.)  +  (Pb-igg^)  =  (<^}o.)  +  .(«^}0) 

Chromate  of  AcsUte  of  lead.  Chromate  of  lead.  Acetate  of 

potassium.  potaaslum. 

Chromate  of  lead  is  fonnd  native  as  a  red  substance  crystallized  in 
oblique  rhomboid  prisms  (the  red  lead  of  mineralogists). 

Artificial  chromate  is  of  a  beautiful  yellow  colour,  used  by  painters 
under  the  name  of  chrome  yellow :  if  heated  to  redness  it  melts,  and 
on  cooling  becomes  a  reddish  mass. 

When  instead  of  precipitating  the  neutral  chromate  of  potassium  by 
the  neutral  acetate  of  lead,  liquids  which  are  not  neutral  are  precipi- 
tated, the  precipitate  has  a  variable  colour.  The  colour  may  also  be 
varied  according  to  the  temperature  at  which  the  precipitation  takes 
place.  Generally  the  redder  the  chromates  of  lead  the  more  are  they 
charged  with  metal. 

Neutral  Acetate  of  Lead  (  ^^"loC*H"0  '^  ^  aqj.— When  lead  is 

left  to  the  simultaneous  action  of  air  and  the  vapour  of  acetic  acid,  a 
basic  acetate  of  lead  is  formed,  which  when  dissolved  in  acetic  acid  in 
excess,  gives  a  liquid  which  on  evaporating  deposits  beautiful  crystals, 

whose  formula  is  (  Pb"  <  Qnm^Q  +  3  aq.  j 

The  same  salt  may  be  obtained  by  dissolving  lithai^  in  acetic  acid. 

The  neutral  acetate  of  lead  is  extremely  soluble  in  water.  Ammonia 
does  not  precipitate  it,  because  with  the  salts  of  lead  this  alkali  gives 
not  the  hydrate,  but  sub-salts  of  lead,  and  the  sub-acetates  of  lead  are 
soluble. 

The  aqueous  solution  of  neutral  acetate  of  lead  readily  dissolves 
litharge  when  hot,  and  in  this  case  either  a  simple  bibasio  salt  or 
polyplumbic  salts  form.  All  these  salts,  when  submitted  to  the  action 
of  a  current  of  carbonic  anhydride,  give  a  precipitate  of  carbonate  of 
lead,  while  the  neutral  acetate  of  the  same  metal  is  reformed. 

Neutral  acetate  oflcad.  Oxide  of  Water.  Bibasic  acetate 

lead.  (di-aoetate)  of  lead. 
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.(pvjOgH-O)    ^    (00.)    .    (C^;)0.)    +    (Pb"{8g^) 

Dt-aoetateoflead.  Garbonio  Garbonata  MentnU  acetate  of  kait 

anhydride.  of  lead. 

+     H*0. 

Water. 

(CO" )        \ 
Pb"  I  ^'y — ^^^^^'^^  carbonate  of  lead  is 

found  in  crystals  of  tbe  fourth  system.  In  the  laboratory  this  body  is 
obtained  in  the  form  of  a  fine  white  powder,  by  precipitating  a  solution 
of  carbonate  of  sodium  by  a  solution  of  acetate  of  lead.  Carbonate  of 
lead  (white  lead),  being  much  used  by  painters,  is  manufactured  upon 
a  large  scale.  It  is  obtained  by  two  processes :  one,  the  Dutch  method, 
is  old;  the  modem  method  was  discovered  by  Th^nard,  and  is  the 
Clichy  process.  In  the  Dutch  method  a  jar  containing  a  sheet  of  lead 
coiled  in  a  spiral  form  is  filled  with  vinegar,  lightly  covered  with  a 
plate  of  lead,  and  imbedded  in  decomposing  dung,  at  a  temperature  of 
85°  or  40°.  The  coil  of  lead  is  thus  submitted  to  the  simultaneous 
action  of  air,  vapours  of  acetic  acid  and  of  carbonic  anhydride,  which 
latter  is  produced  from  the  decomposing  hot-bed. 

Under  the  influence  of  the  air  and  vinegar,  the  lead  first  becomes 
covered  with  basic  acetate,  which  on  contact  with  carbonic  anhydride 
forms  neutral  acetate  and  gives  cai'bonate  of  lead  ;  from  time  to  time 
the  layers  of  carbonate  adhering  to  the  coil  of  metal  are  detached,  and 
washed  to  free  it  from  the  acetate  it  contains.  It  is  then  dried  and 
powdered. 

In  the  Clichy  process,  litharge  is  dissolved  in  acetic  acid  so  as  to 
obtain  the  tri  plumbic  acetate. 

Pb"  iOC^HK)  i 

The  solution  of  this  salt  is  submitted  to  the  action  of  a  current  of 
carbonic  anhydride,  two  molecules  of  oxide  of  lead  are  separated  in  the 
state  of  carbonate,  and  neutral  acetate  is  reformed. 


Pb"iQ  >  +  3aq. 


00^*0 
O 


'M  ■  KZ}<^)  +  (r^-ISgSS) 


Pb" 

^"|0 

Pb"  ioCffO 

Triplumblc  acetate.  Carbonic  Carbonate  of  lead.  Xentral  acetate  of  lead. 

anhydride. 

This  neutral  acetate  when  boiled  with  litharge  furnishes  a  fresh 
quantity  of  triplumbio  acetate,  which  is  again  brought  to  the  state  of 
neutral  carbonate,  so  that  with  the  exception  of  inevitable  loss  by 
waste  the  same  quantity  of  acetic  acid  serves  for  any  length  of  time. 
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The  Clichy  white  lead  is  inferior  as  a  pigment  to  that  prepared  by 
the  Dutch  method,  because  it  is  composed  of  transparent  crystalline 
particles,  but  if  it  be  boiled  with  a  little  carbonate  of  potassium  it  will 
be  found  equal  to  the  Dutch  pigment. 

The  workmen  who  manufacture  white  lead  are  exposed  to  the 
dangers  of  lead-poisoning  (see  Characters  of  Salts  of  Lead).  Messrs.  Pallu 
and  Delauuay  have  introduced  such  improvements  in  their  manufactory 
at  Portillon,  near  Tours,  that  in  this  establishment  these  accidents  no 
longer  occur. 

Under  the  influence  of  heat,  carbonate  of  lead  is  decomposed  into 
oxide  of  lead  and  carbonic  anhydride. 

(??>•)      =      (co-)      +      (Pb"o) 

Garbonate  of  Carbonic  Oxide  of  lead, 

lead.  anlij'dride. 

It  dissolves  in  acids,  disengaging  carbonic  anhydride,  water  and  a 
salt  of  lead  being  formed. 

(~:)o.)  +  .e'»-)o)  .  (CO.)  +  (rv.{8g°5  +  (i!°) 

Carbonate  of  Nitric  add.  Garbonic  Nitrate  of  lead.  Water, 

lead.  aahydilde. 

Sulphn  retted  hydrogen  blackens  it  like  all  the  other  salts  of  lead, 
forming  sulphide  of  lead,  which  causes  painting  by  white  lead  to  be 
readily  affected.  To  restore  its  original  colour  it  has  been  recommended 
to  submit  the  painting  blackened  by  sulphuretted  hydrogen  to  the 
action  of  oxygenated  water.  The  sulphide  of  lead  is  thus  changed, 
into  sulphate,  which  is  white  like  the  carbonate. 

/Pb"iOH\ 

Diplumbio  Hydrate  I  (0     1. — This  body  is  obtained  by  pieci- 


("■in 


pitating  a  soluble  salt  of  lead  by  potash.  The  hydrate  of  lead  is  soluble 
in  seven  thousand  times  its  weight  of  water ;  alkalies  in  excess  readily 
dissolve  it.  It  is  white,  but  when  heated  it  loses  water  aud  is  tmns- 
formed  into  an  anhydrous  protoxide  of  a  red  colour. 

Binoxide  of  Iiead  (Plumbic  Anhydride)  (PbO*). — Minium,  as  we 
shall  see,  may  be  considered  as  a  plumbate  of  lead.  When  treated  by 
acids  it  yields  the  elements  of  protoxide  of  lead,  and  a  puce-coloured 
powder  remains,  which,  when  washed  and  dried,  constitutes  plumbic 
anhydride  (PbO«). 

The  same  body  is  prepared  by  causing  hypochlorous  acid  to  act  on 
the  protoxide  of  lead  suspended  in  water. 

Binoxide  of  lead  is  an  acid  anhydride ;  it  combines  with  bases  and 
gives  crystallized  salts.  M.  Fremy,  by  heating  this  body  with  potasaic 
hydrate,  has  obtained  a  crystallized  plumbate  of  potassium,  to  which 
he  attributes  the  formula  (PbO",K"0  +  3  aq.),  but  it  would  be  better  to 
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(FIT)  \ 

write  it  I    KH  O*  +  2  aq.  j.  bringing  it  to  the  type  of  normal  plumbic 

acid  (  m  [  ^*)'     Heated  with  an  acid,  plumbic  anhydride  leaves  its 

oxygen  and  is  transformed  into  a  salt  of  lead ;  consequently  a  mixture 
of  plumbic  anhydride  and  sulphuric  acid  is  a  strong  oxidant. 

2(pbO.)  +  .(^»..(fO:'|o.)  +  .(H}o)  +  gf 

nnmtaic  SolphaiicuUL  Salpbateof  Water.  Ozygen. 

aol^rlde.  lead. 

Minium  or  BaUne  Oxide  (PbH>). — This  oxide  may  be  regarded  as  a 
salt  derived  from  the  normal  plumbic  acid  by  the  substitution  of  Pb''' 
for  H*. 

fflo-)  -  KID  +  '^"  -  (?!?•}<'•) 

Plumbic  add.  Hydrogen.  Lead.  Plambateof 

lead  (minium). 

Minium  may  be  prepared  by  mixing  the  potassic  solution  of  plumbic 
anhydride  and  protoxide  of  lead  ;  the  minium  precipitates  in  a  hydrated 
state. 

In  manufactures  minium  is  obtained  by  the  simultaneous  action  of 
air  and  heat  on  the  protoxide ;  thus  prepared  its  composition  varies. 

Minium  is  of  a  beautiful  red  colour ;  it  is  used  in  painting. 

Distinctive  Characters  of  Salts  of  Lead. — The  soluble  salts  of  lead 
are  recognized  by  the  following  characters : 

1  st  Hydrochloric  acid  produces  a  white  precipitate,  which  ammonia 
does  not  dissolve  nor  alter  in  colour.  It  dissolves  in  boiling  water, 
and  18  deposited  in  crystalline  scales  on  the  cooling  of  the  solution. 

2nd.  Hydrosulphuric  acid  causes  the  formation  of  a  black  precipi- 
tate of  sulphide  of  lead,  which  is  insoluble  in  the  sulphide  of  ammo- 
nium, and  is  attacked  by  boiling  nitric  acid,  which  transforms  part  of 
it  into  soluble  nitrate  and  part  into  insoluble  sulphate. 

3rd.  Sulphuric  acid  precipitates  these  salts  white.  The  precipitate 
dissolves  in  the  tartrate  of  ammonium. 

4th.  With  salts  of  lead,  soluble  chromates  give  a  yellow  precipitate, 
soluble  in  potash. 

5th.  Fixed  alkalies  give  rise  to  a  white  precipitate,  soluble  in  an 
excess  of  the  reagent. 

Action  of  Lead  on  the  Animal  Economy. — The  compounds  of  lead 
exercise  a  deleterious  action  on  the  animal  economy.  Persons  exposed 
to  this  action  undergo  morbid  phenomena,  which  vary  in  intensity. 

The  first  stage  of  poisoning  is  the  painter's  colic — violent  pains  in 
the  intestines.  The  second  consists  in  the  extension  of  these  pains  into 
the  limbs,  and  especially  into  the  articulations  (lead  arthralgia).  In 
the  third  stage  paralysis  of  the  limbs  is  produced,  which  is  first 
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manifested  in  the  extensor  muscles  of  the  forehand.     In  some  cases 
wastii^  of  the  brain  with  dementia  occurs,  which  generally  proves 

fatal. 

In  less  serious  cases  the  poisoning  is  treated  by  purgatives  to  facili- 
tate the  elimination  of  the  poison,  followed  by  tonics.  The  use  of  sul- 
phuric acid  in  a  diluted  form  is  also  advisable ;  and,  as  prophylactics, 
sulphur  baths  and  great  personal  cleanliness  are  recommended  to 
workers  in  lead. 


FIiATINUM  Pt. 

Atomic  weight  =  197.    Molecular  weight  unknown. 

Until  recently  the  metallurgic  treatment  of  platinum  was  by  means 
of  solution.  The  ore  was  mechanically  freed  from  any  earthy  matters 
it  might  contain,  and  then  acted  on  by  aqua  regia  which  dissolved  the 
platinum  and  a  little  iridium.  The  solution  was  then  decanted,  eva- 
porated almost  to  dryness,  and  precipitated  by  a  concentrated  solution 
of  chloride  of  ammonium.  The  precipitate  of  double  chloride  of  am- 
monium and  platinum  thus  produced  was  washed  with  diluted  alcohol, 
and  then  calcined.  There  remained  a  spongy  mass  of  platinum  (spongy 
platinum),  which  was  reduced  to  powder,  and  then  made  into  a  paste 
with  water.  This  paste,  when  pressed  in  an  iron  cylinder,  gave  a  com- 
pact metallic  mass,  which  was  then  heated  to  redness,  and  aggregated 
by  beating  with  a  hammer  at  this  high  temperature. 

In  1861  M.  Deville  published  a  very  important  work  on  the  metal- 
lurgy of  platinum,  in  which  he  substituted  an  entirely  new  method. 

100  parts  of  ore,  mechanically  freed  from  its  impurities,  are  melted 
with  an  equal  weight  of  galena  (sulphide  of  lead) ;  the  iron  contained 
in  the  ore  seizes  the  sulphur  of  the  galena,  and  the  platinum  is  alloyed 
with  the  liberated  lead.  50  parts  of  lead  are  then  added  to  the  melted 
mass,  and  the  heat  continued,  stirring  until  the  action  is  complete ;  the 
temperature  during  this  operation  ought  to  be  at  least  equal  to  the 
fusing  point  of  gold,  or  even  somewhat  higher.  When  the  process 
has  thus  far  advanced,  air  is  blown  into  the  crucible,  the  sulphur 
passes  to  the  state  of  sulphurous  anhydride,  which  is  disengaged; 
part  of  the  galena  passes  to  the  state  of  lead,  which  unites  with  the 
platinum  alloy ;  while  the  iron  and  copper,  which  were  in  the  state  of 
sulphide,  form  oxides  on  the  surface.  When  sulphurous  anhydride  is 
no  longer  disengaged,  two  parts  of  binoxide  of  manganese  and  about 
ten  parts  of  glass  are  added  to  the  mixture,  and  a  fusible  scoria  is 
formed  containing  manganese,  iron,  copper,  and  glass.  The  mass  is 
then  allowed  to  cool,  the  crucible  is  broken,  and  the  alloy  of  platinum 
and  lead,  which  is  easily  separated  from  the  scoria,  is  extracted. 

This  alloy  is  then  placed  in  a  porous  cupel  made  of  burnt  bone,  which 
is  itself  placed  over  a  crucible  full  of  coke  with  a  hole  in  its  lower  part ; 
the  crucible  and  cupel  are  then  heated  in  contact  with  air  in  a  special 
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furnace,  and  the  lead  is  oxidized  and  passes  to  the  state  of  litharge.  This 
melts,  passes  through  the  pores  of  the  bone  cupel,  and  falls  on  to  the 
coke  ;  there  it  is  reduced,  and  metallio  lead  remains,  which  runs  out 
through  the  lower  part  of  the  crucible.  This  operation  (cupellation) 
gives  crude  platinum,  which  still  contains  small  portions  of  lead, 
osmium,  iridium,  and  rhodium.  The  metal  is  placed  on  a  small  bed  of 
lime,  and  melted  by  means  of  the  oxyhydrogen  blowpipe,  and  kept 
melted  until  it  disengages  neither  the  vapour  of  lead  nor  the  odour  of 
osmium. 

Platinum  thus  obtained  contains  iridium  and  rhodium,  but  this  alloy 
is  superior  to  pure  platinum  for  most  purposes,  as  it  is  harder  and 
resists  a  higher  temperature. 

In  this  process  about  10  kilogrammes  of  ore  are  usually  operated 
on  at  once. 

In  order  to  obtain  perfectly  pure  platinum,  the  platinum  of  com- 
merce must  be  dissolved  in  aqua  regia  and  lime  added  in  the  dark ; 
the  iridium  is  precipitated  in  the  state  of  oxide;  then  the  liquid  must 
be  filtered,  and  the  platinum  precipitated  by  means  of  chloride  of  am- 
monium. This  precipitate  is  washed  and  calcined,  and  spongy  plati- 
num remains,  which  can  be  employed  in  this  state  to  prepare  the 
different  platinum  compounds. 

Platinum  can  also  be  obtained  in  the  form  of  a  black  powder  (plati- 
num black)  by  heating  an  alcoholic  solution  of  potash  with  bichloride 
of  platinum  until  effervescence  ceases.  The  black  powder  which 
deposits  ought  to  be  washed,  first  with  alcohol,  next  with  hydrochloric 
acid,  then  with  potash,  and  finally  with  water. 

The  aggregated  platinum  is  of  a  bright  white  colour,  but  it  is  not 
so  white  as  silver.  Platinum  ranks  third  in  ductility  and  fifth  in 
malleability ;  a  platinum  wire  of  two  millimetres  in  diameter  breaks 
under  a  weight  of  124  kilogrammes. 

Platinum  is  harder  than  silver,  but  not  so  hard  as  copper  or  iron ; 
its  density  is  from  21*15  to  21 '47.  It  is  found  native  crystallized  in 
hexahedra,  and  is  isomorphous  in  several  of  its  compounds  with  iridium 
and  osmium. 

Platinum  resists  the  highest  heat  of  the  forge,  but  it  may  be  easily 
melted  by  the  oxyhydrogen  blovepipe :  at  red  heat  it  can  be  welded 
like  iron. 

Platinum  does  not  oxidize  at  any  temperature ;  nitric  acid  does  not 
attack  it,  unless  it  be  alloyed  with  silver;  aqua  regia  dissolves  it, 
causing  it  to  pass  to  the  state  of  chloride.  Potash  and  lithia  cause  the 
oxidation  of  platinum,  and  a  fusible  alkaline  platinate  is  formed. 
This  oxidation  is  especially  rapid  in  presence  of  nitrate  of  potassium. 
Soda  causes  oxidation  less  readily  than  the  other  two  alkalies. 

Bisulphate  of  potassium  also  attacks  platinum  when  hot,  bat  bro- 
mine and  iodine  do  not  affect  it ;  chlorine  combines  with  it  slowly. 
Phosphorus  and  arsenic  combine  with  it  when  hot,  forming  a  fusible 
phosphide  and  arsenide:  when  a  phosphuretted  organic  matter  is 
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heated  in  a  platinum  cruoible,  the  crucible  is  quickly  pierced  by  the 
phosphorus  set  free. 

Sulphur  also  can  combine  with  platinum  by  the  aid  of  heat  if  the 
metal  be  in  the  spongy  state. 

In  presence  of  charcoal,  silica  transforms  platinum  into  a  fusible 
silicide ;  therefore  a  crucible  of  this  metal  ought  never  to  be  heated 
directly  in  a  charcoal  fire,  or  else  the  silica  contained  in  the  charcoal 
will  destroy  the  crucible. 

Finely-powdered  platinum  unites  with  mercury  :  this  amalgam  may 
be  obtained  by  reducing  a  platinic  compound  by  electricity  in  presence 
of  mercury. 

Platinum  can  act  by  catalysis  even  when  it  is  laminated ;  but  this 
property  is  manifested  with  the  greatest  intensity  by  spongy  platinum 
and  platinum  black.  We  have  already  seen  how  spongy  platinum 
determines  the  ignition  of  hydrogen,  and  in  oi^nic  chemistry  we 
shall  see  that  platinum  black  is  used  to  oxidize  a  number  of  sub- 
stances. 

Platinum  is  tetratomio ;  it  forms  two  series  of  compounds,  in  one  of 
which  it  only  takes  part  with  a  value  of  substitution  equal  to  two ;  in 
the  other  it  acts  with  its  maximum  capacity  for  saturation.  Thus  there 
exist: 

A  protochloride  of  platinum PtCl" 

A  tetrachloride PtCl* 

A  tetrabromide PtBr* 

A  prot-iodide PtI* 

Atetr-iodide Ptl* 

The  tetrachloride  and  tetrabromide  of  platinum  can  unite  with  the 

alkaline  chlorides,  bromides,  and  iodides,  giving  double  chlorides,  the 

formula  of  which  is  : 

(PtCl*,  2MC1). 

The  tetrachloride  of  platinum  is  obtained  by  dissolving  the  metal  in 
aqua  regia  and  evaporating  to  drive  off  the  excess  of  acid.  It  readily 
dissolves  in  water,  alcohol,  and  ether ;  it  melts  when  heated,  and  if  it 
be  strongly  heated,  it  decomposes  first  into  chlorine  and  protochloride, 
and  then  into  chlorine  and  platinum.  The  double  salts  it  forms  with 
alkaline  chlorides  are  almost  insoluble  in  water  and  quite  insoluble  in 
alcohol.  At  red  heat  they  decompose  into  alkaline  chloride,  platinum, 
and  chlorine.  The  double  chloride  of  platinum  and  ammonium  leaves 
a  residue  of  platinum  only,  on  account  of  the  volatility  of  the  chloride 
of  ammonium. 

There  also  exist  two  sulphides  of  platinum,  a  protosulphide  (PtS), 
and  a  persulphide  (PtS').  They  are  obtained  by  double  decomposition, 
by  causing  hydrosulphuric  acid  to  act  on  the  corresponding  chlorides. 

(Ptci*)      +       2(H}s)       =       4(Hj)      +       (PtS') 

Perchloride  of  Ujdrosulphnric  Hydrochloric  Persulphide 

pUUnum.  acid.  acid.  ofplalinum. 
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These  sulphides  dissolve  in  alkaline  snlphides,  and  in  consequence 
act  as  acid  anhydrowsolpliides. 

Two  oxides  of  platinum,  corresponding  to  the  two  sulphides,  are 
known ;  the  protoxide  (PtO)  and  the  peroxide  (PtO").  The  first  is 
obtained  by  the  action  of  potash  on  the  protochloride,  and  the  second 
by  the  action  of  the  same  alkali  on  the  tetrachloride ;  but  these  oxides 
being  soluble  in  alkalies,  the  solution  ought  afterwards  to  be  precipi- 
tated by  an  acid.  A  hydrate  corresponds  to  each  of  these  oxides ;  that 
answering  to  the  protoxide  (the  protohydrate)  has  not  been  analyzed ; 

its  probable  formula  is  (  h«  f  0*  j ;  the  formula  of  the  perhydrate  corre- 
sponding to  the  peroxide  ^^  (  h*  r  ^ )' 

The  typical  hydrogen  of  these  hydrates  can  be  replaced  either  by 
acid  radicles,  in  which  case  salts  of  platinum  are  formed,  or  by  alkaline 
metals,  when  platinates  are  formed.  These  hydrates  are  therefore 
both  acids  and  bases,  and  their  anhydrides  ought  to  be  considered  as 
indifferent  oxides. 

Beactions  of  Salts  of  Platinum. — The  salts  of  platinum  are  recog- 
nized by  the  following  chjiracters : 

1st.  Hydrochloric  acid  does  not  precipitate  them. 

2nd.  Hydrosulphuric  acid  forms  a  precipitate  soluble  in  the  alka- 
line sulphides,  and  insoluble  in  hydrochloric  or  nitric  acids  employed 
separately,  but  soluble  in  aqua  regia. 

3rd.  In  their  solutions  when  not  too  dilute,  the  chloride  of  ammo- 
nium and  the  chloride  of  potassium  form  yellow  precipitates ;  even  with 
dilute  solutions  the  precipitate  is  formed  if  a  little  alcohol  be  added. 


GENERAL  REMARKS  ON  THE  TETRATOMIC  METALS. 

We  have  seen  that  this  class  contains  all  bodies  the  atomicity  of 
which  is  somewhat  doubtful.     The  following  questions  may  be  asked  : 

1st.  Why  not  make  iron,  aluminium,  manganese,  nickel,  cobalt,  and 
chromium  hexatomic,  resting  on  the  existence  of  the  fluoride  of  chro- 
mium (CrFP)  ? 

2nd.  Why  not  follow  in  regard  to  zinc,  cadmium,  magnesium,  cal- 
cium, strontium,  barium,  copper^  mercuiy,  etc.,  the  same  reasoning  as 
in  regard  to  nickel,  and  not  consider  their  real  atomicity  as  equal 
to  4,  their  apparent  atomicity  being  only  2  ?  Coidd  not  the  isomor- 
phism of  their  compounds  with  those  of  nickel,  cobalt,  iron  (ad  mini- 
mum), etc.,  be  used  in  favour  of  this  opinion  ? 

3rd.  Why  should  we  not  consider  platinum  and  palladium  as  having 
a  real  atomicity  equal  to  6,  basing  our  opinion  on  the  incontestable 
analogies  of  platinum  and  palladium,  and  on  the  isomorphism  of  the 
compounds  of  platinum  with  those  of  iridium  ?  I  will  successively 
answer  tliese  three  questions. 
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1st.  I  do  not  take  the  fluoride  of  clirommm  (CrFL*)  into  aocount, 
because  its  formula  does  not  appear  to  me  to  be  established. 

2nd.  I  cannot  consider  magnesium,  zinc,  etc.,  as  tetratomic.  In  fact, 
mercury  not  forming  part  of  the  magnesian  series,  nothing  can  make 
its  atomicity  4.  But  copper  has  such  analogies  with  mercury  that 
these  two  metals  must  be  allowed  to  have  similar  atomicities ;  and  the 
isomorphism  of  the  other  magnesian  metals  with  copper,  leads  us  to 
call  these  metals  biatomic,  just  as  their  isomorphism  with  iron  and 
nickel  leads  us  to  consider  them  as  tetratomic.  It  is  possible  that  some 
of  them  ought  to  be  considered  neai-er  nickel  than  copper,  but  we  have 
no  means  of  knowing  this,  and  therefore  are  obliged  to  keep  to  the 
apparent  atomicity. 

Moreover,  the  isomorphism  of  two  given  compounds  is  not  conclu- 
sive as  to  the  presumable  existence  of  compounds  of  an  order  higher 
than  those  acknowledged  to  be  isomorphous.  Thus,  it  would  not  be 
correct  to  say :  salts  of  zinc  are  isomorphous  with  proto-salts  of  iron, 
per-salts  of  iron  exist,  therefore  per-salts  of  zinc  must  exist,  or  at  least, 
if  these  salts  are  unstable,  the  atomicity  of  zinc,  like  that  of  iron,  is  4. 

M.  Marignac  has  shown  that  two  bodies  are  isomorphous  when 
they  contain  the  same  number  of  simple  atoms  similarly  arranged, 
whatever  may  be  the  atomicity  of  these  latter.  Thus  he  has  shown 
that  two  compounds  containing  the  same  number  of  atoms  are  isomor- 
phous, though  one  may  contain  fluorine  and  the  other  oxygen. 

Therefore,  it  may  easily  be  conceived  that  the  protosulphate  of  iron 

/SO"" )  \  /SO*" )  \ 

V  Fe"  r  ^  +  "^  ^' )  *^^  ^®  sulphate  of  zinc  I  ^  „  \  (^  -^  7  axi.j  &re 

isomorphous,  because  they  contain  the  same  number  of  simple  atoms, 
without  being  obliged  to  allow  the  same  atomicity  for  zinc  as  for  iron. 
3rd.  The  preceding  considerations  on  isomorphism  also  answer  the 
question  relative  to  the  atomicity  of  platinum.  Certain  compounds  of 
this  metal  may  be  isomorphous  with  compounds  of  the  same  degree 
formed  by  iridium,  without  the  atomicity  of  platinum  being  equal  to  6. 
Nevertheless,  I  should  not  be  surprised  if  some  day  new  facts  were  dis- 
covered which  would  oblige  us  to  admit  the  hexatomicity  of  platinum. 


FIFTH  CLASS  (PENTATOMIC  METALS). 
Up  to  the  present  time  this  class  does  not  contain  any  metal. 

SIXTH  CLASS  (HEXATOMIC  METALS). 

We  have  seen  that  molybdenum,  tungsten,  iridium,  rhodium,  and 
ruthenium  are  arranged  in  this  class.  None  of  these  metals  possess 
sufficient  interest  for  a  detailed  description  to  be  given  of  them. 
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GENERAL  REMARKS  ON  THE  OXIDES. 

Preparation. — let.  When  tbe  body  to  be  oxidized  possesses  the  pro- 
perty of  combining  directly  with  ahnospheric  oxygen,  as  is  the  case 
with  sulphur,  phosphorus,  zinc,  iron,  potassium,  etc.,  the  oxide  is  pre- 
pared by  the  direct  combustion  of  the  body  in  air. 

2nd.  When  the  body  to  be  oxidized  does  not  combine  directly  with 
oxygen,  it  is  heated  in  presence  of  oxidizing  agents,  such  as  nitric  acid, 
and  then  either  a  hydrate  is  produced,  if  the  oxide  to  be  prepared  is  an 
acid  anhydride  like  the  oxide  of  tin ;  or  if  the  oxide  be  a  basic  anhy- 
dride like  the  greater  part  of  the  metallic  oxides,  a  nitrate  is  produced. 
On  calcining  the  hydrate  or  nitrate,  an  anhydrous  oxide  is  obtained. 

3rd.  The  carbonate  of  the  metal  of  which  the  oxide  is  to  be  obtained 
is  calcined,  carbonic  anhydride  is  disengaged,  and  the  oxide  remains  as 
a  residue.  The  alkaline  carbonates  and  those  of  barium  and  strontium 
alone  cannot  be  decomposed  by  heat. 

4th.  A  chloride  or  any  other  soluble  salt  is  precipitated  by  an  alka* 
line  base,  and  there  remains  either  a  precipitate  of  oxide,  as  takes  place 
with  the  salts  of  silver,  which  is  collected  and  washed ;  or  else  a  pre- 
cipitate of  hydrate,  which  must  be  washed  and  calcined  to  bring  it  to 
the  state  of  anhydrous  oxide. 

5tlL  A  peroxide  is  heated  in  a  current  of  hydrogen  gas  to  reduce 
it  to  a  lower  state  of  oxidation.  Protoxide  of  manganese  is  thus  pre- 
pared from  the  peroxide. 

6th.  Certain  peroxides  are  obtained  by  the  action  of  oxygenated 
water  on  the  protoxides. 

Classification. — Oxides  have  been  arranged  in  five  classes : 

1st.  In  the  first  are  placed  the  basic  oxides,  or,  according  to  the 
proper  expression,  the  basic  anhydrides. 

2nd.  In  the  second  we  find  the  acid  oxides,  or,  to  use  a  better  term, 
the  add  anhydrides. 

3rd.  The  third  contains  the  oxides  acting  sometimes  as  acid  anhy- 
drides, and  sometimes  as  basic  anhydrides :  they  are  called  indifferent 
oxides. 

4th.  The  fourth  class  contains  the  oxides  that  may  be  considered  as 
true  salts,  in  which  a  part  of  the  metal  appears  to  be  substituted  for 
the  hydrogen  of  a  hydrate  of  the  same  body,  acting  as  an  acid ;  such  is 
the  magnetic  oxide  of  iron  (Fe^O*),  which  may  be  regarded  as  resulting 
from  the  substitution  of  one  atom  of  iron  for  two  of  hydrogen  in  the 

hydrate  xtj>  0*.     These  are  called  saline  (mdes. 

6th.  In  the  fifth  class,  chemists  place  those  oxides  which  are  neither 
basic  anhydrides  nor  acid  anhydrides,  but  which  can  be  ti-ansformed 
into  basic  anhydrides  by  the  loss  of  a  portion  of  their  oxygen,  and 
sometimes  into  acid  anhydrides  by  the  addition  of  another  quantity  of 
oxygen :  these  may  be  called  jpecidiar  oxides. 
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A  sixth  class  ought  to  be  added  to  these,  which  should  contain  all 
the  oxides  that  cannot  be  classed  in  any  of  the  preceding.  Among  the 
number  of  these  would  be  the  oxide  of  carbon,  the  protoxide  and 
binoxide  of  nitrogen,  etc. 

Action  of  Different  Agents  on  the  Oxides. — 1st.  Action  of  Heat. — 
With  the  exception  of  the  oxides  of  platinum,  rhodium,  iridium,  palla- 
dium, ruthenium,  and  mercury,  which  can  be  decomposed  by  heat  alone, 
the  metallic  protoxides  resist  the  highest  temperatures  that  can  be  pro- 
duced. The  higher  oxides  are  often  reduced  to  a  lower  degree  of 
oxidation. 

Among  the  oxides  of  the  metalloids,  some  resist  the  action  of  heat, 
while  others  are  decomposed.  Water  is  decomposed  at  2500°  under 
the  influence  of  heat  alone. 

2nd.  Action  op  Light. — Certain  oxides,  fixed  in  the  tissues,  are 
modified  under  the  influence  of  light,  without  our  being  able  to  deter- 
mine in  what  the  modification  they  undergo  consists. 

3rd.  Action  of  ELBcmiciTY. — The  electric  current,  when  sufficiently 
powerful,  decomposes  the  oxides.  Sometimes  the  products  of  the 
decomposition  are  the  two  elements  of  the  oxide,  as  is  seen  in  the 
electrolysis  of  water;  sometimes  these  products  are  oxygen  and  an 
oxide  that  is  less  oxygenated  than  the  first,  as  in  the  case  of  carbonic 
anhydride,  which  is  transformed  into  oxide  of  carbon  and  oxygen. 

As  the  metallic  oxides  are  mostly  insoluble  in  water,  and  as  those 
which  can  be  dissolyed  pass  to  the  state  of  hydrates,  the  action  of  elec- 
tricity on  these  bodies  has  not  as  yet  been  tried.  It  might  perhaps  be 
tried  on  those  that  are  fusible  by  maintaining  them  at  the  point  of  fusion 
during  the  passage  of  the  current.  It  cannot,  however,  be  doubted 
that  electricity  would  decompose  them  as  it  decomposes  the  most 

stable  hydrates. 

4th.  Action  of  Oxygen. — Oxygen  is  either  without  action  on  the 

oxides,  or  it  causes  them  to  pass  to  a  higher  state  of  oxidation.     An 

example  of  the  latter  mode  of  action  occurs  in  the  transformation  of 

the  protoxide  of  barium  into  binoxide  of  the  same  metal,  and  in  the 

combustion  of  the  oxide  of  carbon. 

6th.  Action  of  Hydrogen. — Hydrogen  has  absolutely  no  action  on 
the  protoxides  of  alkaline  metals,  alkaline  earths  or  earths.  Under  the 
influence  of  a  gentle  heat,  it  reduces  the  protoxides  of  most  of  the  other 
metals,  liberating  the  metal.  The  protoxide  of  manganese,  however, 
resists  its  action. 

In  acting  on  the  peroxides  of  the  metals  whose  protoxides  are  not 
affected  by  it,  hydrogen  reduces  these  bodies  to  the  minimum  of  oxida- 
tion. Thus  by  means  of  a  current  of  hydrogen  the  binoxide  of  manga- 
nese is  transformed  into  protoxide. 

Certain  highly-oxygenated  oxides,  such  as  the  sesquioxide  of  chro- 
mium, resist  the  action  of  hydrogen. 

6th.  AcriON  of  Carbon. — Carbon  has  a  reducing  action  still  more 
powerful  than  that  of  hydrogen ;  it  seizes  the  oxygen  of  oxides  to  form 
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either  carbonic  anhydride  or  oxide  of  carbon ;  and  the  radicle  of  these 
oxides  remains  either  in  a  free  state  or  in  a  lower  state  of  oxidation. 

7th.  Action  of  Chlorine. — Chlorine  has  very  little  action  on  the 
oxides  of  metalloids ;  at  the  most  it  only  combines  with  some  of  them 
which  are  not  saturated.  On  acting  on  these  latter  in  presence  of 
water,  it  can  also  cause  them  to  pass  to  a  higher  state  of  oxidation. 

Chlorine  acts  differently  on  metallic  oxides,  according  as  the  action 
takes  place  in  presence  of  moisture  or  not. 

Chlorine,  when  dry,  displaces  oxygen,  and  a  chloride  is  formed : 

2(^CaO)     +     2(g))     =     2(CaC]')     +     g| 

Oxide  of  Chlorine.  Chloride  of  OzygeD. 

calciam.  calcfam. 

In  presence  of  water  several  cases  may  occur ;  sometimes  a  mixture 
of  chloride  and  chlorate  is  formed : 

Kil«)  +  KSI)  -  (T}o)  +  3(H)o) 

Hydrate  Chlorine.  Chlorate  of  Water, 

of  pt^asbium.  potaaslam. 

+  Kcif) 

Chloride  of  potassimn. 

sometimes  a  mixture  of  chloride  and  hypochlorite : 

^(l}o)  +  SI   -   (^'}o)  *  (I}o)  +  il]) 

Hydrate  Chlorine.  Hypochlorite  Water.  Chloride  of 

of  potasainm.  of  potasBinm.  potawiom. 

Sometimes  the  chlorine  is  simply  added  to  the  oxide,  forming  an 
unstable  compound,  which  is  destroyed  by  all  acids  with  liberation  of 
the  chlorine. 

(CaO)        +        ^A         =         (CaOCP) 

Oxide  of  Chlorine.  Chloride  of  calcyl 

i^iH^m.  (chloride  of  lime). 

The  action  of  bromine  and  iodine  is  precisely  similar  to  that  of 
chlorine. 

8th.  Action  of  Sulphur. — The  oxides  of  metalloids  contain  a  radicle 
that  is  either  more  or  less  easily  oxidized  than  sulphur.  In  the  first 
case  the  siQphur  seizes  the  whole,  or  at  least  a  portion  of  the  oxygen 
of  the  oxide,  which  is  reduced.  In  the  second  case  the  sulphur  pro- 
duces no  reaction  whatever. 

When  sulphur  is  made  to  react  on  basic  oxides  the  affinity  of  sulphur 
for  the  metal  causes  the  decomposition  of  a  part  of  the  oxide,  and  a 
metallic  sulphide  is  formed.  A  second  part  of  the  sulphur  unites  with 
the  oxygen  the  oxide  has  lost.  Thus  a  certain  quantity  of  an  acid 
anhydride  is  produced,  which,  on  reacting  on  a  portion  of  the  undecom- 
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posed  basic  anhydride,  frimislies  an  oxygenated  salt  of  sulphur.  When 
the  operation  is  performed  with  dry  materials  and  under  the  influence 
of  heat,  if  the  oxygenated  salts  of  sulphur  which  tend  to  be  formed 
are  stable,  they  are  effectively  formed ;  if  they  are  instable,  all  the 
oxygen  is  eliminated  in  the  state  of  siQphurous  anhydride,  and  the 
whole  of  the  metal  remains  in  the  state  of  sulphide.  Finally,  if 
the  metallic  sulphide  be  itself  instable  at  the  temperature  at  which  the 
reaction  takes  place,  only  sulphurous  anhydride  and  free  metal  are 
produced.  These  three  kinds  of  reactions  are  expressed  by  the  follow- 
ing equations : 

1st  4(BaO)     +     2(11)     =     8(BaS)     4-     (SBaO^ 

Baryta.  Sulphur.  Sulphide  of  Sulphate  of 

barium.  barium. 

2nd.  2(C!uO)     +     ||     =     (Cn'S)      +    (SO") 

Oxide  of  Sulphur.  Suboulphlde  Sulphurous 

copper.  of  copper.  aohydride. 

3rd.  2(PtO0     +     1}     =     2Pt     +     2(S0*) 

Perojddeof  Sulphur.  Platinum.  Sulphurous 

platinum.  anhydride. 

When  the  operation  is  conducted  in  the  presence  of  moisture,  there 
is  formed  a  sulphide  and  an  oxygenated  salt  of  sulphur,  as  in  the  first 
reaction,  but  instead  of  a  sulphate,  a  hyposulphite  is  formed : 

K  ff}0*)  +  2(i})  =  2(Ba"S)  +  3(g}0)  +  (s'BaO-) 

Uydrated  oxide  Sulphur.  Sulphide  Water.  Hyposulphite 

of  barium.  of  barium.  of  barium. 

Selenium  and  telliuium  present  a  complete  parallelism  with  sulphur 
in  their  reactions  on  the  oxides. 

9th.  AcnoN  OP  Phosphorus. — The  action  of  phosphorus  is  analogous 
to  that  of  sulphur.  Phosphorus  seizes  the  oxygen  of  the  unstable 
oxides  of  the  metalloids,  and  does  not  react  on  those  which  present  a 
certain  stability.  It  decomposes  metallic  oxides,  forming  a  phosphide 
and  an  oxygenated  salt  AVhen  the  operation  is  conducted  in  the  dry 
way,  this  oxygenated  salt  is  always  a  phosphate  ;  by  the  moist  way,  a 
hypophosphite  is  produced,  and  phosphuretted  hydrogen  is  disengaged. 
The  formation  of  a  phosphide  is  no  longer  observed  here,  because  these 
bodies  are  decomposed  by  water. 

With  the  exception  of  nitrogen,  which  has  no  action  on  the  oxides, 
the  congeners  of  phosphorus  appear  to  act  in  the  same  way  as  phos- 
phorus itself. 

10th.  Action  of  Metals. — ^The  metallic  oxides  are  decomposed  by 
metals  that  are  more  electro-positive  than  those  they  contain  :  a  simple 
displacement  is  then  produced  : 
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(MO)        +        M'        =        (M'O)        +        M 

Metallic  More  Oxide  of  Metal 

oxide.  poflidTe  moreposiUve  (lese  positive). 

metal.  metaL 

The  oxides  of  metalloids  are  decomposed  in  an  analogous  manner  by 
metals,  only  the  metallic  oxide  formed  unites  with  a  portion  of  the 
negative  oxide  that  has  remained  intact,  and  an  oxygenated  salt  of  the 
metal  is  produced. 

11th.  Actios^  of  Water. — Directly  or  indirectly,  most  of  the  oxides 
are  capable  of  entering  into  combination  with  water,  or  of  giving  rise 
to  the  phenomenon  of  double  decomposition.  Bodies  are  then  pro- 
duced which  have  received  the  name  of  hydrates.  These  hydrates 
represent  a  molecule  of  water  or  several  molecules  of  water  condensed 
into  one,  in  which  a  part  of  the  hydrogen  is  replaced  by  another  radicle. 
In  anhydrous  oxides,  on  the  contrary,  the  hydrogen  is  wholly  re- 
placed : 

Hydrate  of  Anhydrons 

potassiimi.  oxide  of  potaseium. 

(g")  0-)  (C."0) 

Hydrate  of  Anhydrous 

caldom.  oxide  of  caldnm. 

Certain  peculiar  oxides  of  metals,  the  protoxides  of  which  under 
the  influence  of  water  give  very  stable  hydrates,  are  decomposed  by 
that  liquid,  and  brought  to  the  minimum  of  oxidation.  This  is  the 
case  with  the  peroxides  of  potassium  and  sodium. 

Certain  non-saturated  oxides  can  decompose  water,  seizing  its  oxygen. 

All  oxides  are  insoluble  in  water,  with  the  exception  of  alkaline 
oxides  and  alkaline  earths. 

12th.  Action  of  Bases. — Bases  do  not  act  on  basic  anhydrides ;  with 
acid  anhydrides  they  give  rise  to  salts,  setting  free  water  : 

2(||o)      +       (SO*)        =       (SK«0*)       +       (H«0) 

Hydrate  of  Sulpharic  Potassic  Water. 

potaaBiam.  anhydride.  sulphate. 

13th.  Action  of  Acids. — Acids  have  no  action  on  acid  anhydrides. 
In  presence  of  basic  anhydrides  they  form  salts,  liberating  water. 

Nitric  acid.  Anhydrous  NItra^>e  of  Water. 

oxide  of  potawtum.  potassium. 

The  different  species  of  salts  resulting  from  the  action  of  acid  anhy- 
drides on  water  or  on  bases  deserve  to  be  studied  separately. 

Kitrates. — Nitrates  are  obtained  by  dissolving  metallic  oxides  or 
carbonates  in  nitric  acid.     All  are  decomposed  by  heat,  leaving  as 

Y 
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a  residue  either  a  metallic  oxide,  or  a  metal  in  a  free  state  if  the 
oxide  be  instable  when  hot.  Alkaline  nitrates  leave  a  residue  of 
nitrite  when  moderately  calcined.  All  neutral  nitrates  are  soluble  in 
water. 

The  nitrates  deflagrate  on  red-hot  coals.  Heated  with  sulphuric 
acid,  they  disengage  vapours  having  the  odour  of  nitric  acid  ;  if  copper 
be  added  to  the  mixture,  binoxide  of  nitrogen  is  produced,  which  on 
contact  with  air  is  transformed  into  red  vapours  of  hyponitride. 

If  a  nitrate  in  solution  be  mixed  with  a  solution  of  protosulphate  of 
iron  strongly  acidulated  with  sulphuric  acid,  a  colour  is  produced 
which  varies  from  rose  to  brovm,  according  to  the  concentration  of 
the  nitrate. 

With  soluble  nitrates,  the  sub-acetate  of  lead  in  aqueous  solution 
gives  a  white  precipitate  of  sub-nitrate   of  lead  answering  to  the 

PV  ] 
formula   (NO^  >  O*.     It  is  very  slightly  soluble  in  water. 

Nitrites. — Nitrites  aie  obtained  by  moderately  heating  nitrates. 
•  It  is  not  known  whether  with  the  sub-acetate  of  lead  nitrites  give  a 
sub-nitrite  of  lead  like  the  nitrates. 

These  salts  also  possess  the  property  of  deflagrating  on  burning 
coals. 

With  sulphuric  acid  they  give  rise  to  a  development  of  red  vapours, 
without  its  being  necessary  to  add  copper  to  the  mixture. 

Heated  with  a  solution  of  sal-ammoniac,  they  disengage  nitrogen, 
which  arises  from  the  decomposition  of  the  nitrite  of  ammonium  which 
is  first  formed. 

Neutral  nitrites  are  all  soluble  in  water. 

Phosphates. — With  the  exception  of  the  alkaline  phosphates,  all 
neutral  phosphates  are  insoluble.  Acid  phosphates,  on  the  contrary, 
readily  dissolve. 

With  the  nitrate  of  barium,  the  solutions  of  phosphates  give  a  white 
precipitate  soluble  in  water  acidulated  with  nitric  or  hydrochloric 
acid. 

The  salts  of  lead  produce  a  white  precipitate  of  phosphate  of  lead. 

Nitrate  of  silver  gives  a  clear  yellow  precipitate,  soluble  in  ammonia 
and  in  dilute  nitric  acid. 

Salts  of  copper  give  a  dirty-blue  precipitata 

The  phosphates  give  a  granulated  precipitate  with  the  soluble  ammo- 
nio-magnesian  double  salts. 

When  a  phosphate  is  heated  with  a  solution  of  molybdate  of  am- 
monium acidulated  with  nitric  acid,  a  yellow  precipitate  is  produced. 
This  reaction  is  very  perceptible. 

FhoBphites. — The  soluble  phosphites  are  obtained  by  saturating 
phosphorous  acid  by  bases,  and  the  other  phosphites  by  double  decom- 
position. 

Alkaline  phosphites  alone  are  soluble  in  water.     The  solutions  of 
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phosphites  reduce  certain  metallic  oxides,  especially  in  presence  of 
hydrochloric  acid.  The  red  mercuric  oxide,  for  instance,  is  thus 
reduced  to  the  metallic  state.  Phosphites  disengage  phosphuietted 
hydrogen  when  calcined,  and  are  transformed  into  phosphates. 

Nitric  acid  and  chlorine  cause  the  same  transformation.  When 
heated  with  a  solution  of  molybdate  of  ammonium  in  hydrochloric  acid, 
phosphites  give  a  blue  colour  resulting  from  the  reduction  of  the 
molybdic  acid. 

HypophoBphites. — Hypophosphites  are  obtained  by  heating  phos- 
phorus with  a  powerful  base  in  presence  of  water. 

They  all  decompose  by  heat,  leaving  a  residue  of  phosphate.  Nitric 
acid  and  chlorine  produce  the  same  transformation. 

The  hypophosphites  albo  reduce  the  isalts  of  palladium,  causing  a 
deposit  of  metallic  palladium. 

The  same  reaction  takes  place  with  salts  of  silver.  The  liquid 
from  which  the  metal  is  separated  contains  a  phosphate  in  solution. 

Arseniates. — Alkaline  arseniates  only  are  soluble  in  water.  The 
salts  of  barium,  with  soluble  arseniates,  give  a  white  precipitate  of  arse- 
niate  of  barium,  which  is  soluble  in  acidulated  water  and  in  the  soln> 
tion  of  hydrochlorate  of  ammonia. 

Sulphuretted  hydrogen  transforms  arseniates  into  sulpbo-arseniates. 
On  saturating  the  liquid  afterwards  with  hydrochloric  acid,  a  yellow 
precipitate  of  sulphide  of  arsenic  is  obtained,  which  is  soluble  in  alkar 
line  sulphides  and  in  ammonia.  With  free  arsenic  acid,  hydro- 
sulphuric  acid  gives  this  precipitate  direct,  but  it  requires  a  long  time 
to  form. 

With  soluble  arseniates,  nitrate  of  silver  gives  a  brick-red  precipi- 
tate of  arseniate  of  silver. 

Salt43  of  copper  cause  the  formation  of  a  dirty-blue  precipitate. 

When  introduced  into  Marsh's  apparatus,  arseniates  give  rise  to 
arseniuretted  hydrogen,  by  the  combustion  of  which  specks  of  arsenic 
can  be  collected. 

Arsenites. — Alkaline  arsenites  only  are  soluble  in  water.  Solutions 
of  arsenites  slightly  acidulated  with  hydrochloric  acid  give,  under  the 
influence  of  sulphuretted  hydrogen,  a  yellow  precipitate  of  the  trisul- 
phide  of  arsenic,  which  is  insoluble  in  acids  and  soluble  in  alkaline 
sulphides  and  in  ammonia. 

In  solutions  of  the  arsenites,  salts  of  barium  produce  a  white  pre- 
cipitate, soluble  in  hydrochloric  acid  and  in  chloride  of  ammonium. 

The  salts  of  copper  give  a  precipitate  of  arsenite  of  copper  of  a 
beautiful  green  colour. 

Nitrate  of  silver  gives  rise  to  a  clear  yellow  precipitate  of  arsenite 
of  silver. 

When  introduced  into  Marsh's  apparatus,  arsenites  give  rise  to  the 
same  reaction  as  arseniates. 

Bnlphates. — Soluble  sulphates  are  obtained  by  saturating  sulphuric 
acid  with  bases,  and  insoluble  sulphates  by  double  decomposition. 

y2 
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All  the  neutral  sulpliates  are  soluble  with  the  exception  of  those  of 
barium,  strontium,  and  lead,  which  are  quite  insoluble,  and  sulphate  of 
calcium,  which  requires  about  500  parts  of  water  to  dissolve  it.  There- 
fore sulphates  in  solution  in  water  give  a  white  precipitate  with  the 
salts  of  calcium,  barium,  strontium,  and  lead;  if  the  solution  be 
greatly  diluted,  the  salts  of  calcium  will  not  be  precipitated. 

Heated  with  charcoal,  the  sulphates  are  transformed  into  sulphides, 
and  consequently  acquire  the  property  of  diffusing  the  odour  of  hydro- 
sulphuric  acid  under  the  influence  of  acids. 

Some  sulphates  decompose  by  boiling,  and  leave  a  subsulphate  which 
is  insoluble  in  water.     The  sulphate  of  mercury  is  of  this  number. 

Sulphites. — ^Soluble  sulphites  may  be  prepared  by  transmitting  a 
current  of  sulphurous  anhydride  into  water  holding  a  base  in  solution 
or  in  suspension.  The  other  sulphites  are  obtained  by  double  decom- 
position. 

Soluble  sidphites  and  the  solution  of  sulphurous  anhydride  give,  in 
presence  of  salts  of  barium,  a  white  precipitate  that  is  soluble  in  dilute 
acid.  This  solution,  when  exposed  to  the  action  of  chlorine,  deposits 
the  sulphate  of  barium. 

When  a  sulphite  is  heated  with  an  acid  which  is  relatively  fixed  and 
which  has  no  oxidizing  action,  sulphurous  anhydride  is  disengaged. 
This  body  may  be  easily  recognized  by  its  odour  and  the  property  it 
possesses  of  turning  blue  a  starch  paper  moistened  with  a  solution  of 
iodic  acid. 

With  nitrate  of  silver,  the  soluble  sulphites  give  an  abundant  white 
precipitate,  soluble  in  ammonia. 

Hyposulphates  (dithionates).  —  The  different  hyposulphates  are 
prepared  by  precipitating  the  hyposulphate  of  barium  by  soluble  sul- 
phates. 

Hyposulphates  are  not  oxidized  when  cold,  either  by  chlorine  or  by 
the  binoxide  of  manganese ;  at  boiling  point  this  oxide  causes  them  to 
pass  to  the  state  of  sulphates. 

When  a  hyposulphate  is  calcined,  sulphurous  anhydride  is  disen- 
gaged, and  a  sulphate  remains  as  residue. 

Hyposulphites. — Hyposulphites  are  obtained  by  boiling  the  sulphites 
with  a  quantity  of  sulphur  equal  to  that  they  already  contain. 

A  solution  of  a  salt  of  silver  added  to  that  of  a  hyposulphite  pro- 
duces a  white  precipitate,  which  becomes  black  on  changing  into 
sulphide.     This  transformation  is  produced  very  rapidly  by  heat. 

The  hyposulphites  treated  by  a  strong  acid  give  rise  to  a  disen- 
gagement of  sulphurous  anhydride  and  to  a  deposit  of  sulphur. 

The  hyposulphites  readily  dissolve  the  chloride,  bromide,  iodide,  and 
cyanide  of  silver. 

Ghlorates.  —  Chlorates  are  all  soluble  in  water;  they  deflagrate 
strongly  when  thrown  on  to  hot  coals.  When  mixed  with  combustible 
bodies,  like  sulphur  or  charcoal,  they  detonate  by  heat. 

Alkaline  chlorates,  submitted  to  the  influence  of  heat,  lose  oxygen 
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and  leave  a  residue  of  chloride;  the  others  lose  both  chlorine  and 
oxygen,  and  leave  an  oxjchloride  as  residue. 
\  Treated  by  sulphuric  acid,  chlorates  give  rise  to  a  yellow  gas  which 

is  very  explosive  ;  it  is  improperly  called  hypochloric  acid. 

Ferohlorates. — The  different  perchlorates  are  obtained  by  dissolving 
bases  in  perchloric  acid. 

The  perchlorate  of  potassium  being  very  little  soluble  in  the  cold, 
a  crystalline  precipitate  is  formed  whenever  a  solution  of  a  salt  of 
potash  is  mixed  with  perchloric  acid. 

Sulphurous  anhydride  and  hydrosulphuric  acid  have  no  action  on 
perchloric  acid  or  the  perchlorates. 

When  strongly  calcined,  the  perchlorates  lose  their  oxygen  and 
leave  a  residue  of  chloride. 

HypochloriteB. — Hypochlorites  and  hypochlorous  anhydride  possess 
^  the  property  of  bleaching  organic  substances,  but  they  lose  it  when 

mixed  with  a  solution  of  arsenious  anhydride  in  nitric  acid. 

Carbonic  anhydride  in  excess  disengages  hypochlorous  anhydride 
from  the  hypochlorites,  though   the  solution  of  hypochlorous  anhy- 
*  dride  decomposes  the  carbonates  with  effervescence. 

Chlorites. — Chlorous  anhydride  is  a  yellow  gas,  which  colours  water 
very  strongly,  dissolving  in  this  liquid. 

Chlorous  anhydride  and  chlorites  bleach  organic  substances,  and 
retain  this  property  in  presence  of  a  solution  of  arsenious  anhydride  in 
nitric  acid. 

Chlorites  disengage  chlorous  anhydride  under  the  influence  of  a 
strong  current  of  carbonic  anhydride. 

Borates. — The  soluble  borates  are  prepared  by  causing  boracic  acid 
to  act  on  bases,  and  the  insoluble  borates  by  double  decomposition. 

Soluble  salts  of  barium  give,  with  borates,  a  precipitate  of  borate  of 
barium,  soluble  in  dilute  hydrochloric  acid  and  in  the  solution  of 
hydrochlorate  of  ammonia. 

The  alkaline  borates  give  an  aqueous  solution  which,  when  saturated, 
is  precipitated  by  acids  when  cold.  The  precipitate  which  forms  is 
boracic  acid  and  is  dissolved  on  boiling  the  liquid.  When  a  borate  is 
mixed  with  sulphuric  acid  and  alcohol,  and  the  alcohol  is  ignited, 
this  latter  bui-ns  with  a  beautiful  green  flame. 

Carbonates. — With  the  exception  of  the  alkaline  carbonates,  all  car-» 
bonates  are  insoluble  and  may  be  obtained  by  means  of  double  decom- 
position. 

Carbonates  readily  decompose  under  the  influence  of  heat ;  carbonic 
anhydride  is  disengaged  and  an  oxide,  or  if  this  be  unstable  a  residue 
of  free  metal  remains.  The  alkaline  carbonates,  and  those  of  barium 
and  strontium,  are  the  only  exceptions. 

Soluble  carbonates  give,  with  salts  of  barium,  a  white  precipitate 
which  is  soluble  in  dilute  acids. 

In  presence  of  acids,  carbonates  give  rise  to  a  disengagement  of  car- 
»  bonic  anhydride  which  precipitates  lime-water  white. 
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Silicates. — The  alkaline  silicates  with  a  great  excess  of  base  are 
alone  soluble  in  water. 

Salts  of  barium  produce  in  their  solutions  a  white  precipitate  of 
silicate  of  barium  which  is  soluble  in  hydrochloric  acid.  K  potassic 
sulphate  be  added  to  the  solution  so  as  to  eliminate  the  barium,  and  the 
liquid  be  filtered,  it  will  give,  with  ammonia,  a  precipitate  of  gelatinous 
silica. 

When  hydrochloric  acid  is  added  to  the  solution  of  a  silicate,  a  pre- 
cipitate of  gelatinous  silica  is  produced,  which  is  soluble  in  an  excess  of 
acid,  but  which  can  be  easily  separated  by  evaporating  to  dryness  and 
redissolving  in  water.  A  similar  precipitate,  but  which  is  insoluble 
in  an  excess  of  the  reagent,  is  obtained  when  hydrochloric  acid  is  re- 
placed by  the  chloride  of  ammonium. 

Chromates. — Chromates  (neutral  chromates)  are  yellow ;  the  bichro- 
mates (or  acid  chromates)  are  red  or  orange-coloured.  Both  have 
considerable  colouring  power. 

With  metallic  solutions,  soluble  chromates  give  precipitates  many  of 
which  possess  brilliant  colours ;  among  these  is  the  precipitate  fumifi^ed 
by  the  salts  of  lead,  which  is  a  beautiful  yellow. 

Heated  with  hydrochloric  acid  in  presence  of  alcohol  or  of  any  other 
reducing  agent,  these  salts  become  green,  and  a  hydrated  perchloride  of 
chromium  is  formed. 

Mixed  with  melted  sea  salt  and  sulphuric  acid,  the  chromates  form 
a  mixture  which,  when  distilled,  furnishes  a  reddish  liquid  ;  and  when 
this  is  decomposed  by  a  solution  of  ammonia  it  becomes  yellow,  and 
then  gives  a  precipitate  with  acetate  of  lead. 


GENERAL  REMARKS  ON  SULPHIDES. 

Sulphides  present  the  strictest  analogies  to  oxides,  both  in  their 
properties  and  in  their  actions. 

Preparation. — Ist.  Like  oxides,  many  sulphides  maybe  obtained  by 
the  direct  union  of  sulphur  with  another  body.  Thus  carbon,  arsenic, 
copper,  and  iron,  combine  with  sulphur  with  great  avidity.  But  zinc, 
which  unites  so  readily  with  oxygen,  has  only  a  very  weak  affinity  for 
sulphur. 

2nd.  Certain  sulphides  which  contain  several  atoms  of  sulphur  are 
prepared  by  combining  directly  with  this  metalloid  sulphides  less 
sulphuretted  than  those  to  be  obtained ;  thus  the  tersulphide  of  arsenic 
(As*S')  may  be  produced  by  heating  the  bisulphide  (As'S*)  with 
sulphur. 

8rd.  Sulphides  may  also  be  obtained  by  causing  hydrosulphurio  acid 
to  act  on  certain  soluble  hydrates.  In  this  case  the  sulphur  of  the 
hydrosulphurio  acid  and  the  oxygen  of  the  hydrate  are  interchanged  ; 
a  compound  is  first  formed  which  represents  hydrosulphurio  acid, 
the  half  of  the  hydrc^en  of  which  is  replaced  by  a  radicle,  and  which 
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is  called  a  hydroenlpbate ;  afterwards,  on  adding  to  the  hydroenl- 
phate  an  additional  quantity  of  the  primitive  hydrate,  water  and  a 
sulphide  are  formed : 

HTdnteof  Hydrocnilphnric  Water.  Hydrosulplutto 

potoaaluDL  add  of  potasnam. 

«  (1!«)  +  dh)  -  (ii}o)  +  (l}«) 

Hydroaalphate  Hydrate  of  *  Water.  MoDonilpbide 

of  potasHlum.  poUstdum.  of  potaMium. 

4th.  By  causing  hydrosulphuric  acid  to  act  on  a  chloride. 
Ex.:      (SnCl*)     +      2(Hf8)     =      4(g})     +     (SnS') 

Ferchlorlde  of  Hydrosalpharlc  Hydrochloric  Btenlpbide 

tin.  add.  add.  of  tin. 

5th.  By  heating  a  sulphate  with  charcoal,  which  seizes  the  oxygen  of 
the  sulphate,  and  a  sulphide  remains  as  residue. 

Ex.:  (SBaOO     +     20     =     2(C0«)     +     (BaS) 

Sulphate  Carbon.  Carbonic  Snlphlde 

of  barium.  anhydride.  of  barium. 

Classification. — Among  sulphides,  some  act  as  acids  and  others  as 
basic  anhydrosulphides ;  others,  again,  appear  to  be  the  mixed  anhydro- 
sulphides  of  two  hydrosulphates  derived  from  one  simple  body  and 
acting,  the  one  as  sulpho-base,  and  the  other  as  sulpho-acid ;  these  are 
the  saline  sulphides.  Sulphides  are  also  known  which  act  sometimes 
as  acid  and  sometimes  as  basic  anhydrosulphide;  these  are  the  indifferent 
sulphides. 

There  also  exist  sulphides  containing  more  than  one  atom  of  sulphur 
for  two  electro-positive  atoms  of  uneven  atomicity,  or  for  one  of  even 
atomicity ;  these  are  called  polysulphides.  They  readily  part  with  a 
portion  of  their  sulphur,  and  may  be  considered  as  peculiar  sulphides, 
corresponding  to  the  peculiar  oxides.  There  are  therefore  five  classes 
of  sulphides,  corresponding  to  the  five  classes  of  oxides  : 

1st.  The  basic  sulphides,  corresponding  to  the  basic  oxides. 

2nd.  The  acid  sulphides,  corresponding  to  the  acid  oxides. 

3rd.  The  indifferent  sulphides,  corresponding  to  the  indifferent 
oxides. 

4th.  The  saline  sulphides,  corresponding  to  the  saline  oxides. 

5th.  The  peculiar  sulphides,  corresponding  to  the  peculiar  oxides. 

All  the  sulphides  in  question  may  be  considered  as  derived  from 
simple  or  condensed  hydrosulphuric  acid,  in  which  the  hydrogen  is  re- 
placed either  by  a  simple  body  or  by  a  sulphuretted  radicle ;  thus  the 

sulphide  of  potassium  is  written  (ir  [  S  ],  the  sulphide  of  barium  (Ba"S), 

the  bisulphide  of  barium  (BaS''S),  etc.     There  also  exist,  as  we  have 
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already  seen,  other  oompounds  whicli  represent  hydrosulphnric  acid  with 
only  half  of  its  hydrogen  replaced  by  a  simple  body  or  by  a  sulphuretted 
radicle,  which  compounds  have  received  the  name  of  hydrosulphates. 
They  correspond  to  the  hydrates,  and,  like  these  latter,  sometimes  form 
bases,  sometimes  adds : 

Hydrate  of  potaasiuin.  Hydrosulphate  of  potaaslain. 

(^:}o.)      •       (os^]^) 

An  unknown  carbonic  add  Snlpbocarbonlo  add 

(hydrate  of  carbonyl).  (hydrceulphate  of  sulphocarbooyl). 

Metallic  sulphides  present  reactions  which  enable  them  to  be  easily 
recognized,  and  even  distinguish  a  monosulphide  from  a  polysulphide 
and  from  a  hydrosnlphate. 

All  the  metallic  monosulphides,  whether  soluble  or  not,  disengage 
hydrosulphnric  acid  under  the  influence  of  acids  without  the  slightest 
deposit  of  sulphur  being  produced  : 

(i)B)  +  fflo')  -  (T(o-)  +  m 

Monosulphide  Sulphuric  add.  Sulphate  of  Hydrcenlphuric 

ofpotaaaum.  potaaBium.  add. 

When  they  are  soluble,  monosulphides,  with  the  neutral  chloride  of 
manganese,  give  a  flesh-coloured  precipitate  of  sulphide  of  manganese 
without  disengagement  of  hydrosulphnric  acid  : 

(l(s)  *  CS^)   -  (m."s)  +    .(?,)) 

*        Monosulphide  Chloride  of  Sulphide  of  Chloride  of 

of  potassium.  manganeee.  manganese.  potaaiium. 

With  acids,  hydrosulphates  give  the  same  reactions  as  the  monosxd- 
phides : 

Hydrosulphate  Hydrochloric  Chloride  of  Hydrtwilphuric 

of  potassium.  add.  potassium.  add. 

But  in  presence  of  chloride  of  manganese,  they  set  free  hydrosnl- 
phuric  acid  at  the  same  time  as  they  give  rise  to  a  precipitate  of  sul- 
phide of  manganese : 

Hydrosulphate  Oiloride  of  Sulphide  of  Chloride  of  Hydrosulphnric 

of  potassium.  manganese.  nunganeae.  potassium.  add. 

The  polysulphides  precipitate  the  salts  of  manganese  without  disen- 
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gaging  hydrosulphurio  aoid,  but  in  presence  of  acids  they  give  both 
hydrosulphuric  acid  and  a  deposit  of  sulphur : 

Tersnlphlde  of  Hydrochloric  Chloride  of  Hydrosulphuric         Sulphur. 

potMHium.  add.  potasdum.  add. 

Heat  and  electricity  act  on  sulphides  in  the  same  manner  as  on  oxides. 

Aotions  of  Beagents. — 1st.  Action  of  Sulphur. — Sulphur  acts  on 
sulphides  as  oxygen  on  oxides ;  that  is  to  say,  it  has  sometimes  no 
action,  and  sometimes  it  causes  them  to  pass  to  a  higher  degree  of 
sulphurization. 

2nd.  Action  of  Hydrogen. — As  hydrogen  has  a  much  weaker 
affinity  for  sulphur  than  for  oxygen,  it  necessarily  has  greater  difficulty 
in  reducing  sulphides  than  oxides ;  nevertheless,  there  exist  sulphides 
which  yield  their  sulphur  to  hydrogen,  and  which  are  reduced  in  the 
same  way  as  the  oxides.    The  sulphide  of  silver  is  among  the  number : 

ai}«)  +  gi  =  (ih)  -  til 

Sulphide  of  Hydrogen.         Hydrosulphuric  Silver, 

silver.  add. 

3rd.  Action  of  Carbon. — Carbon  acts  on  sulphides  as  on  oxides; 
that  is  to  say,  it  reduces  these  bodies,  giving  rise  to  a  sulphide  of 
carbon: 

2(FeS)         +        C         =         (CSO        +        2Fe 

Sulphide  Carbon.  Sulphide  Iron, 

of  iron.  of  carbon. 

This  reaction  is,  however,  less  frequent  than  with  the  oxides. 

4th.  Action  of  Chlorink. — By  the  dry  method,  chlorine  acts  on  sul- 
phides as  on  oxides.  As  with  these  latter  compounds  it  gives  a  chloride 
liberating  oxygen,  so  here  it  displaces  the  sulphur,  and  gives  rise  to  a 
chloride;  the  only  difference  consists  in  this:  oxygen  having  no 
affinity  for  chlorine  when  hot,  remains  free  when  displaced  by  moans 
of  this  metalloid;  while  the  sulphur,  which  can  combine  with  the 
chlorine,  is  eliminated  in  the  state  of  chloride  of  sulphur. 

By  the  moist  method,  the  chlorine  still  displaces  the  sulphur,  but 
then  this  metalloid  remains  in  a  free  state  instead  of  combining  with 
the  chlorine.  This  reaction  may  be  readily  conceived  by  remembering 
that  the  different  chlorides  of  sidphur  are  decomposed  by  water,  and 
consequently  cannot  auise  under  conditions  where  they  would  be  de- 
stroyed if  formed. 


Ebaction  by  THE  Dry  Method. 

Sulphide  of  Chlorine.  Chloride  of  Chloride 

potiMstum.  potassium.  of  sulphur. 
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Rkaction  by  the  Moist  Method. 

Snlphldeof  Chlorine.  Chloride  Sulphur. 

potMSlam,  of  potassium. 

Only  one  of  the  different  methods  of  action  which  chlorine  ezerciEes 
on  the  oxides  in  found  here ;  that  is,  displacement.  The  union  of  sul- 
phur with  chlorine  when  hot  is  a  secondary  phenomenon,  resulting  from 
the  reciprocal  affinity  of  these  two  bodies,  which  does  not  diminish  the 
analogy  existing  between  this  reaction  and  that  produced  with  the 
oxides. 

The  action  of  bromine  and  iodine  on  the  sulphides  is  identical  with 
that  of  chlorine. 

6th.  AcnoN  OF  Oxygen. — By  the  dry  method,  oxygen  gives  rise  to 
phenomena  differing  according  to  the  temperature  at  which  the  opera- 
tion is  conducted,  and  according  to  the  sulphide  on  which  it  is  made 
to  act. 

On  absorbing  oxygen,  the  sulphide  may  form  a  sulphate  which 
cannot  be  decomposed  by  heat;  or  if  the  sulphide  be  heated  to  a 
temperature  insufficient  to  cause  its  decomposition,  the  sulphate  is 
formed : 

(PbS)         +        2(g})         =         (SPVO*) 

Sulphide  Oxygen.  Sulphate  of  lead, 

of  lead. 

If  the  temperature  be  sufficiently  elevated,  and  the  sulphate  of  the 
metal  whose  sulphide  we  possess,  be  too  slightly  stable  to  be  formed 
under  the  conditions  of  the  experiment,  an  oxide  is  produced,  and 
sulphurous  anhydride  is  disengaged  : 

2(Cu"S)       +      ^io])       =       2(Cu"0)       +       2(S0«) 

Sulphide  of  Oxygen.  Oxide  of  Sulphurous 

oopper.  copper.  anhydride. 

If  the  oxide  itself  is  not  stable  at  the  temperature  at  which  the  ope- 
ration is  conducted,  the  sulphur  is  eliminated  in  the  state  of  sulphurous 
anhydride,  and  the  body  with  which  it  was  first  combined  becomes 
free  : 

(Pt^S«)       +       ^{n})       =       2(S0«)       +       Pt 

Snlphldeof  Oxygen.  Sulphurous  Platinum, 

platinum.  anhydride. 

By  the  moist  method,  oxygen  has  a  double  action ;  it  displaces  a 
portion  of  the  sulphur  and  gives  rise  to  an  oxide.  The  sulphur  dis- 
placed unites  with  the  sulphide  undecomposed,  and  forms  a  polysul- 
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phidoy  but  this  action  is  ehorily  arrested,  and  the  oxygen  acting  on  the 
sulphide,  transforms  it  into  a  mixtnre  of  hyposulphite  and  hydrate  : 

Sulphide  Oxygen.  Oxide  of  Bisulphide 

of  pouuBlnm.  potauiiiin.  of  poussiom. 

4(Ba"s)  +  4(g})  +  2(g|o)  =   2(8«BaO')  +  2(^')o') 

Salphfck  Oxygen.  Water.  Byposnlphlte  Hydrate  of 

of  barium.  of  barium.  barinm. 

All  these  reactions  present  the  most  perfect  parallelism  with  those 
resulting  from  the  action  of  sulphur  on  the  oxides. 

6th.  Action  of  Metals. — ^When  a  metal  is  made  to  act  on  a  metallic 
sulphide,  and  when  this  metal  has  a  greater  affinity  for  sulphur  than 
that  which  is  combined  with  this  body,  it  seizes  the  sulphur  and 
the  other  metal  is  liberated. 

(Pb"S)       +      Fe       =       (FeS)       +       Pb 

Snlpbide  Iron.  Sulphide  Lead, 

of  lead.  of  Iron. 

7th.  Action  of  Water. — Certain  sulphides,  like  the  sulphide  of 
magnesium,  decompose  water,  producing  an  oxide  and  sulphuretted 
hydrogen : 

(MgS)    +    (g)0)     =     (MgO)    +    (g}s) 

Sulphide  of  Water.  Oxide  of  Hydrosulphurlc 

magnesiam.  magnesium.  acid. 

* 

Other  sulphides  can  combine  with  water ;  but  when  hot  the  water  is 
decomposed,  and,  as  in  the  preceding  case,  an  oxide  is  formed  and  sul- 
phuTetted  hydrogen,   but  most  of  the  sulphides  have  no  action  on 

water. 

8th.  Action  of  Hydrosulphuric  Acid. — Hydrosulphuric  acid  enters 
into  double  decomposition  with  the  alkaline  sulphides,  and  gives  rise 
to  a  hydrosulphate  which  is  a  sulpho-base ;  this  reaction  is  analogous 
to  that  produced  when  water  and  an  anhydrous  alkaline  oxide  are 
brought  into  contact : 

Snlpbide  of  Hydroeulpburlc  Hydroentphate 

potaadunL  Mid.  of  potassium. 

The  action  of  hydrosulphuric  acid  on  the  basic  anhydrosulphides 
has  not  as  yet  been  examined. 

9th.  Action  of  Acid  Anhydrosulphides. — These  combine  with  basic 
anhydrosulphides,  or  undergo  double  decomposition  with  them,  and 
sulpho-salts  are  formed. 

10th.  Action  of  Basic  Anhydrosulphides. — These  combine  with  acid 
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anhydrosulphides,  or  enter  into  double  decomposition  with  them,  and 
give  rise  to  sulpho-salts. 

It  will  he  seen  that  the  actions  of  reagents  on  sulphides  present  the 
strictest  analogies  with  the  actions  of  reagents  on  oxides.  In  order  to 
demonstrate  these  analogies  more  fully,  we  place  these  different  re- 
actions side  by  side. 


PARALLEL  BETWEEN  SULPHIDES  AND  OXIDES. 


Sulphides. 

Action  of  Heat. — It  reduces 
them,  or  does  not  attack  them. 

Action  of  Sulphur. — It  trans- 
forms them  into  persulphide,  or 
has  no  action. 

Action  of  Hydrogen. — It  re- 
duces them : 

(M«S)  +  H«  =  (H«S)  +  M« 

or  does  not  modify  them  at  all. 

Action  of  Carbon. — ITiis  action 
is  either  reduciog  or  none.  The 
reducing  action  is  expressed  by 
the  general  formula  :  * 

C  +  2(M«S)  =  2M«  +  (CS)« 

AcnoN  OF  Chlorine. — It  seizes 
the  electro-positive  element  and 
liberates  the  sulphur,  only  the  ex- 
cess of  the  chlorine  unites  with 
the  sulphur  displaced. 

Action  of  Oxygen. — By  the 
dry  method,  and  according  to  the 
degree  of  stability  of  the  compounds 
which  arise,  there  is  formed  either 
sulphurous  anhydi-ide  and  an 
oxide,  or  sulphurous  anhydride 
and  a  metal,  or  a  sulphate ;  by  ihe 
moist  method,  a  mixture  of 
hydrated  oxide  and  hyposulphite 
is  produced. 

Action  of  Metals. — The  most 
positive  metals  displace  those  that 
are  less  so. 

Action  of  Hydrosulphuric  Acid. 
— This  acid  sometimes  produces 


Oxides. 

Action  of  Heat. — It  reduces 
them,  or  does  not  attack  them. 

Action  of  Oxygen. — It  per- 
oxidizes  them,  or  has  no  action. 


Action    of 
duces  them : 


Hydrogen. — It  re- 


(M«0)  +  H*  =  (H»0)  +  W 

or  does  not  modify  them  at  all. 

Action  of  Carbon. — ^This  action 
is  either  reducing  or  none.  Tho 
reducing  action  is  expressed  by 
the  general  formula : 

C  +  2(M«0)  =  2M«  +  (C0)«. 

Action  of  Chlorine. — It  seizes 
the  electro-positive  element  and 
liberates  the  oxygen. 


Action  of  Sulphur. — ^By  the  dry 
method,  and  according  to  the  degree 
of  stability  of  the  compounds 
which  arise,  there  is  formed  either 
sulphurous  anhydride  and  a  sul- 
phide, or  sulphurous  anhydride 
and  a  metal,  or  a  sulphate ;  by  the 
moist  method,  a  sulphide  and  a 
hyposulphite  are  produced. 

Action  of  Metals. — The  most 
positive  metals  displace  those  that 
are  less  so. 

Action  of  Water. — Sometimes 
it  produces  acid  hydrates,  some- 


/ 


/ 
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acid  hydrosnlpbates,  Bometimes 
basic  hydrosulphates,  sometimes 
indifferent  hydrosulphates,  and 
sometimes  it  has  no  action. 

Action  of  Basic  Anhydrosul- 
PHJDES. — They  react  on  the  acid 
anhydrosulphides  and  give  snlpho- 
salts. 

Action  of  Acid  Anhydrosui/- 
PHiDES. — ^They  react  on  basic  an- 
hydrosulphides to  form  snlpho- 
salts. 

Action  of  Acids. — They  react 
on  the  basic  metallic  sulphides, 
giving  a  salt  and  sulphuretted 
hydrogen : 


^^;\  o«) 


+ 


ra-.)  +  (H}s) 


times  basic  hydrates,  sometimes 
indifferent  hydrates,  and  sometimes 
it  has  no  action. 

Action  of  Basic  Anhydrides. — 
They  reeust  on  acid  anhydrides  and 
give  salts. 

Action  of  Acid  Anhydrides. — 
They  react  on  basic  anhydrides  to 
form  salts. 

Action  of  Acids. — They  react 
on  basic  anhydrides,  giving  rise  to 
water  and  to  a  salt. 


/^:}o«) 


er:  W  +  (1}  o) 


GENERAL  REMARKS  ON  CHLORIDES. 

Preparation.— Chlorides  may  be  obtained  : 

Ist.  By  burning  in  chlorine  the  elements  to  J>e  combined  with  this 
metalloid.  The  chlorides  of  phosphorus,  arsenic,  antimony,  sulphur, 
tin,  copper,  iron,  etc.,  may  be  prepared  in  this  way. 

2nd.  By  transmitting  a  current  of  chlorine  over  the  anhydrous  oxides ; 
the  oxygen  is  then  displaced.  This  method  is  employed  in  the  prepa- 
ration of  the  chlorides  of  nickel  and  cobalt : 


2rCoO^     + 

Oxide  of  ootelt. 


Kg})  -  K?;i)  *  Sf 


Chlorine. 


Chloride  of 
cobalt. 


Oxygen. 


3rd.  By  causing  hydrochloric  acid  to  act  on  the  metals : 


Ml 

Monatomlc 
met&L 


(SI)  -  ^(Sl) 


Hydrochloric 
add. 


MetaUlo 
chloride. 


Hydrogen. 


4th.  By  submitting  the  elements  to  be  chlorinated  to  the  action  of 
aqua  regia. 

5th.  By  causing  hydrochloric  acid  to  act  on  the  oxides.  Water  is 
formed  in  the  reaction : 
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Metallic  Hydrochloric  Metallic  Water, 

oxide.  acid.  chloride. 

6th.  By  heating  a  simple  body  with  the  chloride  of  another  simple 
body  which  has  less  affinity  for  chlorine  than  the  first  has.  For 
instance,  the  chloride  of  antimony  is  obtained  by  heating  antimony 
with  the  bichloride  of  mercury : 

K^gCl-)     +     II     =      2(g.})     +     3Hg. 

IKchloride  Antimony.  Chloride  Mercury, 

of  mercury.  of  antimoDy. 

Classiftoation. — Starting  from  the  fact  that  certain  chlorides  com- 
bine among  themselves  forming  double  chlorides,  some  chemists,  who 
do  not  admit  the  atomic  theory,  have  compared  this  reaction  to  the 
combination  of  oxygenated  basic  anhydrides  with  the  acid  anhydrides. 
They  have  consequently  applied  the  same  classification  to  chlorides  as 
to  oxides,  and  admitted  the  existence  of  acid,  basic,  indifierent,  and 
saline  chlorides. 

Modern  ideas  are  opposed  to  this  view :  monatomic  chlorine  can- 
not give  reactions  analogous  to  those  given  by  biatomic  oxygen. 
Double  chlorides  are  not  true  atomic  combinations.  They  can  only  be 
explained  by  being  considered  as  molecular  combinations  analogous  to 
those  compounds  which  contain  water  of  crystallization.  Considered 
as  atomic  compounds,  their  existence  would  no  longer  come  within  the 
general  laws  of  the  atomicity  of  the  elements,  or  at  least  would  oblige 
us  to  consider  the  atcynicity  of  chlorine  as  three,  which  is  possible, 
but  which  has  not  yet  been  proved. 

The  classification  of  the  chlorides  found  in  almost  all  elementary 
works  can  therefore  no  longer  be  used ;  we  will  substitute  that  pro- 
posed by  Gerhard t,  which  consists  in  arranging  chlorides  in  two  classes, 
that  of  the  negative  chlorides  and  that  of  the  positive  chlorides. 

The  negative  chlorides  are  those  which  give  rise  to  acids  on  losing 
their  chlorine  and  taking  the  residue  OH  in  exchange  for  this  metal- 
loid. 

The  positive  chlorides  are  those  which  by  an  analogous  substitution, 
produce  bases. 

Thus,  the  chloride  of  silicon  (SiCl*)  may  lose  its  four  atoms  of 
chlorine  and  take  four  molecules  of  the  OH  group  in  exchange ;  it  is 

0H\ 
OH  /Si»M^\      J,.    ^ 

OH/ 
negative  chloride. 

The  perchloride  of  iron,  on  the  contrary,  gives  a  base,  when  its 

six  atoms  of  chlorine  are  replaced  by  six  times  the  residue  OH.     It  is 

a  positive  chloride. 


then  transformed  into  silicic  acid    Si'^ 
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I>i8tinotive  Charaoteristios  of  Chlorides. — All  chlorides  are  soluble 
in  water  with  the  exception  of  the  chloride  of  silver  and  mercuric 
chloride,  which  do  not  dissolve  in  it  at  all ;  the  chloride  of  lead,  which 
it  scarcely  dissolves  when  cold ;  and  the  cuprous  chloride,  of  which  it 
dissolves  a  very  small  proportion. 

Hydrochloric  acid  and  the  soluble  chlorides  give  white  precipitates 
with  nitrate  of  silver.  The  precipitate  is  curdled  but  easily  agglome- 
rated, and  becomes  black  in  the  light.  It  is  soluble  in  ammonia,  in 
cyanide  of  potassium  and  in  hyposulphite  of  sodium;  acids  do  not 
dissolve  it. 

The  protonitrate  of  mercury  in  the  solutions  of  chlorides  produces  a 
white  precipitate  of  protochloride  of  mercury;  ammonia  does  not 
dissolve  this  precipitate,  but  transforms  it  into  protoxide  of  mercury 
of  a  black  colour. 

Chlorides  when  heated  with  sulphuric  acid  and  bichromate  of  potas- 
sium give  a  red  liquid,  which  is  the  chloride  of  chi'omyl  (010*01*),  and 
which,  when  saturated  by  ammonia,  is  yellow,  in  consequence  of  the 
formation  of  chromate  of  ammonium. 


GENEEAL  EEMARKS  ON  BROMIDES,  IODIDES,  AND 

FLUORIDES. 

All  the  explanations  we  gave,  when  speaking  of  the  preparation  of 
chlorides,  of  their  properties  and  their  classification,  also  apply  to  these 
three  Baline  groups,  and  it  only  remains  for  us  to  indicate  the  dis- 
tinctive characteristics  of  each  of  them. 

Bromides. — With  the  exception  of  the  bromide  of  silver  and  proto- 
bromide  of  mercury,  which  are  insoluble ;  the  bromide  of  lead  and  the 
sub-br(imide  of  copper,  which  are  very  slightly  soluble,  all  the  bromides 
are  soluble  in  water. 

Hydrobromic  acid  and  the  soluble  bromides  give,  with  nitrate  of 
silver,  a  yellowish- white  curdled  precipitate  of  bromide  of  silver,  which 
quickly  blackens  by  exposure  to  the  light.  This  precipitate  dissolves 
in  ammonia,  in  cyanide  of  potassium,  and  in  hyposulphite  of  sodium ; 
its  solubility  in  ammonia  is  less  than  that  of  the  chloride. 

If  chlorinated  water  be  added  to  the  solution  of  a  bromide,  the  bromine 
is  liberated ;  on  shaking  the  liquid  with  ether,  this  dissolves  the  bromine, 
and  when  left  at  rest  it  forms  a  brown  layer,  which  floats  on  the  surface 
of  the  liquid. 

On  heating  a  bromide  with  a  mixture  of  sulphuric  acid  and  peroxide 
of  manganese,  a  disengagement  of  bromine,  which  is  readily  recognized 
by  its  odour  and  colour,  takes  place. 

Iodides. — The  number  of  insoluble  iodides  is  much  larger  than  that 
of  the  chlorides  and  bromides  possessing  the  same  property. 

Soluble  iodides  and  hydriodio  acid  give,  with  nitrate  of  silver,  a  yel- 
lowish-white precipitate  of  iodide  of  silver.     This  precipitate  is  very 
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spariDgly  soluble  in  ammonia,  bnt  it  readily  dissolves  in  the  solution 
of  cyanide  of  potassium  or  hyposulphite  of  sodium. 

In  presence  of  sulphate  of  copper,  iodides  give  a  precipitate  of  sub- 
iodide  of  copper,  which  is  soluble  in  ammonia,  in  hyposulphite  of 
sodium,  and  in  cyanide  of  potassium ;  at  the  same  time  a  certain  quan- 
tity of  iodine  is  liberated  according  to  the  equation : 

Sulphate  of  Iodide  of 

copper.  potassium. 

Sulphate  of  Subiodide  of  Iodine, 

potottlum.  copper. 

The  nitrate  of  palladium  causes  the  formation  of  a  black  precipitate 
in  the  solutions  of  iodides. 

When  starch  is  added  to  the  solution  of  an  iodide,  and  a  few  drops  of 
chlorinated  water  added  to  liberate  the  iodine,  the  starch  assumes  a 
characteristic  beautiful  blue  colour.  If  too  much  chlorine  be  added, 
the  iodine  will  pass  to  the  state  of  iodic  acid,  and  the  blue  colour  will 
disappear.  It  will  again  reappear  if  a  little  hydrogen  be  disengaged 
in  the  liquid  by  means  of  zinc  and  sulphuric  acid. 

If  a  solution  of  an  iodide  be  shaken  with  sulphide  of  carbon,  after 
liberating  the  iodine  by  means  of  a  solution  of  chlorine  the  sulphide  of 
carbon  assumes  a  violet  colour. 

The  iodides  produce  a  red  precipitate  in  solutions  of  the  per-salts  of 
mercury.  This  precipitate  is  soluble  in  an  excess  of  either  of  the  two 
precipitants. 

Heated  with  sulphuric  acid,  iodides  disengage  beautiful  violet 
vapours  of  iodine. 

Fluorides. —  Soluble  fluorides  and  hydrofluoric  acid  produce  in  the 
solutions  of  barytic  salts  a  white  precipitate  of  fluoride  of  barium,  which 
dissolves  when  a  few  drops  of  hydrochloric  or  nitric  acid  are  added  to 
the  liquid. 

Nitrate  of  calcium  gives  a  precipitate  which  is  insoluble  in  acetic 
acid,  but  soluble  in  nitric  acid. 

When  a  fluoride  is  heated  with  concentrated  sulphuric  acid  and 
silica,  gaseous  fluoride  of  silicon  is  disengaged,  which,  on  contact  with 
water,  gives  a  precipitate  of  gelatinous  silica. 

A  fluoride  submitted  to  the  action  of  boiling  sulphuric  acid  dis- 
engages hydrofluoric  acid,  which  destroys  glass. 


APPENDIX. 


PEOUT'S  HYPOTHESIS. 

For  a  long  time  philosophers  have  been  disposed  to  admit  that  all  matter 
is  one  and  the  same,  and  that  the  numerous  substances  we  see  are  only 
different  manifestations  of  it — manifestations,  the  diversity  of  which  de- 
pend upon  the  degree  of  its  condensation.  This  idea,  well  explaining 
the  fact  that  gravity  acts  equally  on  all  bodies,  and  amswering  moreover 
to  the  idea  we  have,  rightly  or  wrongly,  of  the  simplicity  of  the  great 
laws  of  nature,  is  introduced  into  science.  A  very  short  time  ago,  an 
English  chemist,  Mr.  Graham,  admitted,  in  speculations  on  the  consti- 
tution of  matter,  that  chemical  atoms  are  formed  by  an  agglomeration  of 
particles  smaller  than  themselves  and  identical,  to  which  he  gave  the 
name  of  ultimates;  these  ultimates  are  animated  by  vibratory  move- 
ments, the  variable  length  of  which  in  different  bodies  causes  the 
differences  observed  between  these. 

At  the  commencement  of  this  century,  an  English  chemist,  Prout, 
wished  to  give  to  this  theory  of  the  unity  of  substance  an  experimental 
proof.  He  asserted  that  the  atomic  weights  of  all  simple  bodies  are  exact 
multiples  of  the  atomic  weight  of  hydrogen.  Thence  it  was  only  one  step 
to  consider  all  bodies  as  polymers  of  hydrogen. 

Prout's  hypothesis  was  among  the  number  of  those  of  which  it  is  not 
easy  to  demonstrate  either  the  accuracy  or  inaccuracy,  especially  at  the 
time  it  was  published  :  the  atomic  weight  of  hydrogen,  being  very  small 
in  relation  to  that  of  the  heavy  metals,  it  was  scarcely  possible  to  know 
whether  the  differences  observed  were  real  or  the  result  of  errors  of 
observation.  But  as  analytic  methods  improved,  the  causes  of 
uncertainty  diminished,  and  it  soon  became  evident  that,  as  it  was 
then  expressed,  Prout's  hypothesis  was  inadmissible. 

In  order  to  suit  the  hypothesis  to  facts,  M.  Dumas  modified  its 
enunciation ;  and  in  a  pamphlet  published  by  him  in  1859,  he  admitted 
that  the  atomic  weights  of  all  bodies  are  the  exact  multiples  of  that  of  an 
unknown  body  which  would  have  an  atomic  weight  four  times  smaller  than 
hydrogen ;  or,  what  comes  to  the  same  thing,  thai  the  atomic  weights  of  aU 
bodies  are  the  exact  multiples  of  that  of  hydrogen  by  l^by  0*50  or  by  0-25. 

z 
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Afl  Front's  hypothesis  was  independent  of  the  unit  adopted,  and 
conld  be  admitted  for  a  body  which  had  no  real  existence,  quite  as 
well  as  for  hydrogen,  this  new  enunciation  satisfied  the  partizans  of 

nnity  of  substance.  ,      ,     ..  j  . 

After  M.  Dumas'  pamphlet,  the  question  appeared  to  be  decided  m 
favour  of  Front's  hypothesis,  but  in  1860  M.  Stas  published  his  re- 
searches onnitrogen,  chlorine,  sulphur,  potassium,  lead,  and  silver,  which 
were  made  with  extraordinary  precision,  and  the  conclusion  of  which 
was :  "  There  exists  no  common  divisor  among  the  weighs  of  simple  bodies  which 
unite  to  form  definite  combinations,  and  Front's  law  is  a  pure  illtmon.'* 

M.  Marignao,  without  contesting  the  value  of  these  researches,  on  the 
exactness  of  which  he  greatly  rested,  raised  an  objection.  "  If,"  said  he, 
**  in  stable  chemical  combinations  the  constituting  elements  were  not 
invariably  and  exactly  in  the  proportion  of  their  atomic  weights,  all 
the  most  exact  methods  of  analysis  and  synthesis  would  give  the  pro- 
portions of  these  weights  with  the  same  inexactness." 

This  was  bringing  the  whole  of  chemistry  into  question,  for  the  idea 
of  atoms  or  equivalents  is  founded  on  the  law  of  definite  proportions, 
regarded  not  as  a  limited,  but  as  a  mathematical  law. 

The  argument  of  M.  Marignao  was,  nevertheless,  not  without  founda- 
tion. The  constancy  of  composition  of  combinations  called  stable 
might,  it  is  true,  be  considered  to  be  proved  after  all  the  analyses  of 
the  century;  but  does  the  proportion  in  weight  which  the  elements 
assume  in  a  combination  remain  the  same  when  these  elements  enter 
into  new  combinations  ?  This  was  what  had  been  admitted  rather  by  in- 
tuition than  from  absolute  proof.  Wenzel,  it  is  true,  had  founded  this 
law  on  the  constancy  of  the  neutrality  of  the  saline  solutions  which 
reciprocally  precipitate  each  other ;  but  the  preservation  of  neutrality, 
proved  by  test  papers,  was  certainly  not  a  suflBcient  proof. 

M.  Stas,  in  an  important  memoir  read  14th  July,  1865,  at  the 
Academy  of  Sciences  at  Brussels,  records  a  series  of  experiments  appro- 
priate for  the  decision  both  of  the  problem  given  by  Front  and  that 
given  by  Marignac.  He  first  showed  that  by  precipitating  nitrate  of 
silver  by  chloride  of  ammonium,  and  using  chloride  of  ammonium  pre- 
pared at  different  temperatures  and  under  different  pressures,  that  the 
proportional  relation  of  silver  and  chloride  of  ammonium  remains  con- 
stant. Temperature  therefore  exercises  no  action  on  the  composition 
of  chloride  of  silver,  and  neither  temperature  nor  pressure  influence  the 
composition  of  chloride  of  ammonium.  The  constancy  of  the  composition  of 
stable  bodies  is  thus  demonstrated.  .  ,      ^ 

M.  Stas  has  also  shown  the  invariability  of  the  proportions  %n  weight  of 
the  elements  forming  diemical  combinations.  He  found  that  the  iodate, 
bromate,  and  chlorate  of  silver  are  transformed  into  iodide,  chloride,  and 
bromide* of  silver  under  the  influence  of  sulphurous  anhydride,  without 
the  smallest  particle  of  iodine  or  silver  being  liberated.  This  could  not 
be,  except  on  the  condition  that  the  proportion  of  silver  to  the  halogen 
metalloid  be  the  same  in  the  binary  and  ternary  compounds  of  this 
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metal,  and  this  was  what  was  in  question.     If,  in  effect,  in  two  bodies 

A 
AB  and  ABC  the  proportion  ^^  were  not  the  same,  ABC  conid  only  be 

tranRformed  into  AB  by  losing  part  of  either  A  or  B. 

After  having  firmly  demonstrated  this  fundamental  law  on  which 
the  whole  of  chemistry  rests,  M.  Stas  has  very  carefully  shown  the 
atomic  weights  of  a  certain  number  of  bodies.  For  this  purpose 
he  used  new  and  very  precise  methods.  He  always  deduced  the 
atomic  weight  of  a  given  element  from  the  compounds  formed  by  this 
element  with  several  different  bodies.  He  has  thus  checked  his 
numbers,  and  at  the  same  time  has  given  another  indirect  but  weighty 
proof  of  the  invariability  of  the  proportion  in  weights  of  the  elements 
forming  chemical  cempounds. 

The  limits  of  this  work  do  not  permit  us  to  enter  further  into  detail 
on  these  experiments.     We  w^ill  simply  give  their  results. 

If  oxygen  be  arbiti-arily  made  equal  to         .      .  16 

The  atomic  weight  of  silver  is 107  "93 

Nitrogen .  14-044 

Bromine 79-952 

Chlorine 35-457 

Iodine         12H-850 

Lithium 7-022 

Potassium 39-137 

Sodium 23-043 

Which  numbers   are   in   accordance   with   those   deduced  from   the 
experiments  made  in  1843  by  M.  Marignac. 

These  numbers  are  in  relation  to  oxygen,  made,  as  we  have  said, 
arbitrarily  equal  to  16 ;  but,  according  to  M.  Stas,  oxygen  is  not  16  :  if 
hydrogen  =  1,  it  is  16 '96.  They  ought  all  therefore  to  undergo  a  pro- 
portional reduction,  and  will  then  become  : 


H  =      1 

0=  15-960 
Ag  =  107  •  660 

N  =  14-009 
Br=    79-750 


CI  =  35-368 
I  =  126-533 

Li  =  7-004 
K=    39-040 

Na  =    22-980 


These  figures  entirely  nullify  Front's  hypothesis. 


z  2 


PAKT  THIRD. 


ORGANIC  CHEMISTRY. 


GENERAL  OBSERVATIONS. 

In  the  early  stages  of  chemistry  it  was  understood  how  to  decompose 
and  reconstruct  most  of  the  inorganic  compoimds  known  up  to  that 
time ;  but  it  was  not  so  when  it  became  a  question  of  principles 
extracted  from  living  bodies  :  of  these  the  definite  combinations  (proxi- 
mate principles)  were  known,  but  they  could  not  be  produced  syn- 
thetically by  the  combination  of  their  elements.  It  was  believed  that 
life  was  necessary  to  their  formation,  and  they  were  considered  absolutely 
distinct  from  inorganic  compounds.  Hence  arises  the  division  of 
chemistry  into  organic  and  inorganic. 

However,  as  the  science  progressed  it  was  perceived  that  the  most 
complete  identity  existed  between  the  reactions  of  organic  and  those 
of  inorganic  chemistry,  and  that  by  introducing  new  elements  into  or- 
ganic compounds,  and  acting  on  the  latter  by  oxidation,  reduction,  sub- 
stitution, etc.,  it  was  possible  to  obtain  substances  of  which  no  trace 
was  found  in  living  bodies.  Later  still,  one  of  the  principles  of  the  urine 
— ^urea — was  obtained  by  the  help  of  cyanates  and  ammoniacal  salts, 
which  can  both  be  prepared  from  their  elements.  Then  the  barrier 
which  separated  the  two  divisions  of  chemistry  was  overcome,  and  it 
became  possible  to  hope  that  some  day  all  the  oi^anic  products  might 
be  prepared  synthetically.  This  hope  has,  to  a  great  extent,  been 
realized  by  the  remarkable  labours  of  MM.  Kolbe,  Berthelot,  Wurtz, 
K^kul^,  Cannizzaro,  Perkins,  Diippa,  Maxwell  Simpson,  Hamitzky, 
Lippmann,  and  others.  At  the  present  day,  therefore,  there  are  no 
longer  two  distinct  chemistries ;  there  is  only  one,  within  which  is 
contained  the  study  of  the  compounds  called  organic. 

In  reality,  organic  chemistry  is  simply  that  part  of  the  science  which 
relates  to  the  series  of  carbon  compounds.  It  would  have  been  more 
regular  to  study  this  series  after  carbon,  as  we  have  studied  the  com- 
binations formed  by  the  other  elements  after  each  of  them. 

Nevertheless,  we  have  abandoned  the  logical  course  to  re-enter  the 
paths  of  the  past  ;  the  reason  fur  this  is  simple : 

Carbon  enters  into  so  great  a  number  of  compounds  that  the  study  of 
these  demands  at  least  as  much  space  as  that  for  the  compounds  formed 
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by  all  the  other  elements  united.  And  farther,  the  combinations  into 
which  carbon  enters  are  often  highly  complicated.  We  there  meet 
radicles  which  act  sometimes  as  metals,  sometimes  as  metalloids.  In 
shoi*t,  it  is  almost  impossible  to  understand  the  series  of  carbon  com- 
pounds, if  all  the  other  simple  bodies,  and  the  compounds  which  they 
form,  have  not  been  previously  studied. 

To  include  organic  with  inorganic  chemistry  would  therefore  be 
proper  in  a  book  intended  exclusively  for  the  learned,  but  would  not 
be  convenient  in  a  work  designed  for  general  use.  AVe  have  therefore 
preserved  the  division  of  chemistry  into  organic  and  inorganic,  and 
shall  content  ourselves  with  pointing  out  that  this  division  is  altogether 
artificial,  and  only  made  to  meet  the  reqiiiremeiits  of  the  student. 

We  must  establish  a  very  important  distinction  before  commencing. 
Organic  must  not  be  confounded  with  organized  bodies.  Organic  sub- 
stances, whatever  their  origin,  are,  as  we  have  just  said,  bodies  which 
possess  all  the  properties  of  definite  compounds.  When  solid,  they  crys- 
tallize; when  liquid,  they  have  a  fixed  boiling  point;  they  do  not 
differ  in  any  way  from  inorganic  compounds. 

Organized  bodies,  on  the  contrary,  are  always  constituted  by  the 
mixture  of  a  great  number  of  compounds.  They  never  present  a  crj-s- 
talline  structure,  but  a  well-marked  fibrous  or  cellular  one,  and  they 
cannot  change  their  condition  without  being  destroyed.  Finally,  all 
are,  or  have  been,  endowed  with  life.  They  are  organs,  or  parts  of 
organs,  of  which  the  chemist  can  never  accomplish  the  synthesis,  how- 
ever perfect  his  means  of  action. 

The  study  of  organized  bodies  does  not  belong  to  the  domain  of 
chemistry,  but  rather  to  that  of  biol(^y.  If  at  this  point  biology  ap- 
proaches to  chemistiy,  it  is  entirely  to  borrow  light  from  it,  as 
chemistry  itself  borrows  from  physics,  and  physics  from  mathematics, 
without  each  cecusing  to  be  a  distinct  science.  It  is  solely  because  this 
distinction  has  not  been  universally  perceived,  that  in  almost  all 
treatises  on  chemistry,  articles  are  found  devoted  to  the  blood,  muscles, 
etc.,  which  ought  only  to  be  contained  in  works  on  physiology. 
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The  organic  analyst  may  have  two  problems  to  solve.  Either  a 
mixture  of  different  organic  bodies  being  given,  he  seeks  to  6e{)arate 
them  fix)m  each  other  without  altering  their  composition,  which  is  termed 
proximate  analysis ;  or  a  definite  compound  having  been  obtained  in  a 
pure  state,  he  seeks  to  determine  the  nature  and  quantity  of  the 
elements  which  enter  into  its  composition.  This  is  termed  ultimate 
analysis. 

Proximate  Analysis. — We  may  have  a  mixture  containing  fixed 
solid  substances,  liquid  substances  either  volatile  or  not,  volatile  solid 
substances,  and  gases. 
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If  the  solids  and  gases  do  not  dissolve  in  the  liquids,  these  bodies 
must  first  be  mechanically  separated  and  then  the  appropriate  methods 
of  analysis  must  be  applied  to  each. 

If,  on  the  contrary,  the  solid  substances  and  the  gases  are  dissolved  in 
the  liquids,  the  mass  should  first  be  distilled.  Under  the  influence  of 
heat,  the  gases  will  be  first  eliminated  and  are  collected  over  mercury, 
then  the  liquid  will  pass  over  by  distillation,  and,  finally,  the  fixed 
matter  will  remain  in  the  retort. 

If  the  mixture  contain  a  volatile  solid  body,  this  will  pass  over  by 
distillation  at  the  same  time  as  the  liquids,  and  must  then  be  separated 
from  these  latter  by  processes  which  enable  the  difierent  definite  prin- 
ciples it  contains  to  be  extracted  from  a  given  liquid. 

Finally,  if  we  have  a  mixture  of  solid  and  liquid  substances  which 
are  neither  of  them  volatile,  a  common  method  of  analysis  must  be 
applied  to  both.  In  this  latter  case,  the  separation  of  the  difierent 
definite  compounds  which  the  mixture  contains  is  always  very  difficult, 
and  sometimes  impossible. 

Separation  of  the  Definite  Compounds  contained  in  a  Mixture 
OF  Solid  Bodies. — Neutral  solvents  such  as  water,  alcohol,  ether,  wood 
spirit,  sulphide  of  carbon,  benzine,  or  chloroform,  are  made  to  act  suc- 
cessively on  the  substances.  These  liquids  each  dissolve  certain 
matters  and  leave  others  as  a  residue ;  they  have,  moreover,  the  advan- 
tage of  not  altering  them. 

When  the  substance  has  been  thus  divided  into  a  certain  number  of 
distinct  parts,  each  of  these  is  again  submitted  to  the  action  of  difierent 
neutral  solvents.  Thus  the  residue  of  the  aqueous  solution  will  be 
submitted  to  the  action  of  alcohol,  ether,  etc.  These  different  operations 
are  only  stopped  when  the  different  products  obtained  are  all  found  to 
have  a  definite  composition.  (We  shall  see  further  on  by  what  charac- 
ters the  purity  of  a  compound  may  be  recognized.) 

Often,  though  soluble  in  different  degrees  in  the  various  neutral 
liquids,  the  substances  which  constitute  a  mixture  are  all  soluble  or 
all  insoluble  in  each  of  those  taken  separately.  Fractional  solution  or 
fractional  crystallization  must  then  be  employed. 

Fractional  solution  consists  in  the  successive  action  of  quantities  of 
the  same  liquid,  each  of  which  must  be  insufficient  to  dissolve  the 
whole  of  the  mass  submitted  to  its  action.  The  most  soluble  substances 
are  then  found  in  the  first  solutions,  and  the  least  soluble  in  the  last. 
On  evaporating  the  solutions,  and  again  submitting  the  residues  to  similar 
treatment,  the  different  principles  the  mixture  contained  will  at  last 
be  separated.  For  example,  let  us  suppose  a  mixture  of  two  bodies  A 
and  B  in  equal  proportions,  and  that  100  gr.  of  water  can  dissolve 
60  gr.  of  A  and  25  gr.  of  B,  Let  us  now  see  what  would  happen 
if  successive  weights  of  water  equal  to  50  gr.  were  made  to  act  on 
200  gr.  of  the  substance. 

Each  50  gr.  of  water  would  dissolve  25  gr.  of  A  and  12*50  of  B.  So 
that  after  renewing  the  liquid  four  times,  the  whole  of  the  body  A 
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would  be  eliminated,  while  there  would  remain  50  gr.  of  B  in  a  state 
of  purity. 

The  solution  of  a  mixture  of  solid  bodies  may  also  be  evaporated,  and 
the  crystals  separated  as  they  form.  The  least  soluble  substances 
crystallize  first,  and  the  most  soluble  afterwards.  By  repeating  these 
crystallizations  several  times,  the  desired  separation  is  effected ;  the 
different  ciystalline  deposits  should  be  carefully  examined.  When 
the  crystals  obtained  appear  to  be  homogeneous,  there  is  reason  to 
believe  that  the  substance  is  pure. 

When  all  the  neutral  solvents  leave  an  insoluble  residue,  this  is 
submitted  to  the  action,  first,  of  dilute  mineral  acids,  afterwards  of 
bases.  The  organic  acids  and  bases  are  thus  transformed  into  salts 
soluble  in  water ;  on  applying  to  these  salts  the  method  of  fractional 
solutions  or  crystallizations,  and  separating  the  acids  or  bases  from 
them,  the  bodies  are  obtained  in  a  pure  state. 

When  the  acids  or  bases  whose  elements  are  found  in  solution  can 
be  precipitated  by  appropriate  reagents,  the  proximate  analysis  is 
made  by  causing  the  precipitation  by  successive  quantities  of  the 
reagents  each  insufficient  to  precipitate  the  whole;  the  least  stable 
salts  precipitate  first,  and  the  most  stable  afterwards.  By  applying  this 
method  to  the  salts  of  margaric  acid,  and  repeating  tiiese  fractional 
precipitations  about  forty  times,  M.  Heintz  has  been  enabled  to  show 
that  this  body  is  not  a  definite  principle,  but  a  mixture  of  two  other 
acids. 

Separatio!^  op  Definite  Compounds  contained  in  a  Mixture  of 
Liquid  Bodies. — As  these  liquids  do  not  always  mix  with  each  other 
in  all  proportions,  the  method  of  fractional  solutions  may  often  be 
applied  to  them  ;  it  is  even  the  only  one  to  which  recourse  can  be  had 
if  the  liquid  is  not  volatile.  But,  as  here  we  cannot  be  aided  by  the 
crystalline  form  in  judging  of  the  purity  of  the  substances,  this  pro- 
cess  presents  great  difficulties. 

When  liquids  distil  without  decomposing,  the  method  of  fractional 
distillations  may  be  employed.  This  method  is  based  on  the  fact  that 
all  pure  liquids  have  a  constant  boiling  point,  while  mixtures  of 
different  liquids  commence  boiling  at  a  temperature  which  rises  as  the 
distillation  proceeds.  On  collecting  sepai*ately  the  products  which 
have  distilled  between  the  limits  of  the  temperature,  and  submitting 
these  latter  again  to  fractional  distillation,  we  are  often  able  to  separate 
from  each  other  liquids,  the  boiling  points  of  which  are  different.  This 
method,  to  be  successfully  employed,  requires  that  the  liquids  mixed 
have  boiling  points  differing  at  least  thirty  degrees,  and  that  the 
chemist  should  have  at  his  disposal  a  rather  large  quantity  of  the 
mixture. 

It  sometimes  happens  that  two  mixed  liquids,  though  not  reacting 
chemically,  nevertheless  exercise  on  each  other  a  physical  action 
which  is  opposed  to  their  separation  by  fractional  distillation.  The 
mixture  then  presents  a  constant  boiling  point. 
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Organic  compounds  generally  begin  to  decompose  at  about  400® :  it  ia 
scarcely  possible  to  apply  fractional  distillatitm  to  liquids  whose  boil- 
ing point  is  higher  than  this.  The  field  of  this  opeiution  may,  how- 
ever, be  extended  by  distilling  under  a  low  pressure,  because  the  boiling 
point  of  liquids  is  thereby  considerably  lowered. 

Fractional  distillation  in  vacuo  takes  place  in  the  apparatus  repi-o- 
sented  in  fig.  37. 


Kii  37. 


The  liquid  to  be  distilled  is  placed  in  a  strong  globe,  the  neck  of 
which  is  tightly  closed  by  an  india-rubber  stopper  with  two  holes  in  it. 
One  of  these  holes  contains  a  thermometer,  and  the  other  has  a  tube 
of  exit  in  it.  This  tube  is  joined  by  means  of  very  tight  india-rubber 
to  a  similar  one  which  conducts  the  vapours  into  a  tube  of  thick  glass, 
which  acts  as  a  receiver,  and  which  is  also  closed  by  an  india-rubber 
stopper  with  two  openings.  A  disengagement  lube  fixed  in  one  of 
these  openings  is  placed  in  communication  with  a  large  globe  by 
means  of  india-rubber  and  another  glass  tube.  After  this  globe  comes 
a  vessel  filled  with  pumice-stone  saturated  with  a  solution  of  caustic 
potash.  The  tube  which  conducts  the  gases  is  plunged  to  the  bottom 
of  this  vessel,  in  order  that  the  acid  vapours  or  the  chlorinated  pro- 
ducts which  sometimes  disengage  during  the  distillation  be  absorbed, 
and  do  not  affect  the  apparatus. 

The  tube  which  gives  egress  to  the  gases  of  this  latter  vessel  is  joined 
by  means  of  a  good  stopper  to  a  brass  tubulure,  to  which  a  long  india- 
rubber  tube  is  fastened.  This  tube  is  strengthened  by  a  spiral  copper 
wire  in  its  interior,  in  order  that  it«  sides  may  not  be  compressed  under 
the  influence  of  atmospheric  pressure  while  a  vacuum  is  being  made. 
The  india-rubber  tube  is  terminated  by  a  brass  stop-cock,  to  which  it 
is  fastened,  and  which  is  screwed  on  to  the  air-pump. 

The  globe  containing  the  substance  is  generally  heated  in  a  bath  of 
oil  by  means  of  a  spirit-lamp.  The  second  globe  is  not  strictly  neces- 
sarj',  but  it  is  useful :  by  augmenting  the  space  in  which  the  vacuum 
is  made,  it  sorves  to  render  less  perceptible  the  differences  of  pressure 
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resulting  from  Ihe  entrance  of  the  air,  which  can  never  be  entirely 
prevented.  While  the  operation  continues,  it  is  necessary  to  pump 
from  time  to  time,  in  order  to  maintain  a  regular  piessure. 

To  the  method  of  fractional  distillations,  we  should  also  add  that  of 
fractional  saturations,  which  are  of  great  service  when  the  liquid  is 
acid  or  basic. 

If  to  a  mixture  of  two  volatile  acids  a  quantity  of  base  be  added 
which  is  insufficient  to  saturate  all,  the  strongest  acid  is  first  saturated. 
If  more  base  be  emplo^-ed  than  is  required  to  saturate  this  completely, 
a  portion  of  the  second  acid  is  also  saturated;  and  when  the  mixture  is 
distilled,  the  non-saturated  portion  of  the  second  acid  distils  alone,  and 
is  thus  isolated  in  a  pure  state. 

If,  on  the  contrary,  less  of  the  base  be  employed  than  is  necessary  to 
saturate  the  stronger  acid,  part  only  of  this  latter  is  saturate^d,  but  not 
even  the  smallest  quantity  of  the  other  enters  into  the  combination.  On 
distilling,  a  mixture  of  the  two  acids  is  collected,  and  a  perfectly  pure 
salt  of  the  stronger  acid  remains  in  the  letort. 

It  will  be  seen  that  a  single  operation  gives  one  of  the  products  in  a 
pure  state,  and  that  with  two  successive  operations  both  can  be  isolated. 
We  have  only  to  submit  the  mixture  which  remains  after  the  first 
fractional  saturation  to  a  new  fractional  saturation.  This  process  of 
proximate  analysis  may  also  be  applied  to  volatile  alkaloids ;  of  course 
using  an  acid  instead  of  a  base. 

Skparation  of  Gases. — We  cannot  enter  in  detail  into  the  processes 
used  for  the  proximate  analysis  of  gases;  physical  means  can  here 
scarcely  be  made  use  of,  and  it  is  chiefly  by  absorbing  the  dififerent 
gases  by  appropriate  reagents  that  they  can  be  separated. 

Cuprous  chloride  dissolved  in  ammonia,  the  Kordhausen  sul- 
phuric  acid,  potash,  Bromine,  protosulphate  of  iron,  permanganate  of 
potash,  and  phosphorus  are  the  reagents  most  frequently  used.  Oxygen 
is  absorbed  by  the  ammoniacal  cuprous  chloride,  which  does  not 
again  set  it  free ;  by  the  oxide  of  carbon,  which  parts  with  it  on  boiling, 
and  by  certain  carbides  of  hydrogen,  such  as  acetylene  or  allylene. 
With  these  latter  it  forms  insoluble  solid  compounds,  which  may  be 
-separated  by  filtration,  and  from  which  the  primitive  gas  may  be 
afterwards  disengaged  in  a  free  state  under  the  influence  of  hydro- 
chloric acid. 

Nordhausen  sulphuric  acid  and  bromine  absorb  certain  hydro-carbons. 
With  bromine,  these  form  liquid  products  which  can  be  separated  by 
fractional  distillations. 

Potash  absorbs  carbonic  anhydride ;  protosulphate  of  iron  and  per- 
manganate of  potash  absorb  the  binoxide  of  nitrogen,  and  phosphorus 
absorbs  oxygen. 

Characters  which  serve  to  determine  whether  an  Organic  Matter 

MAY    be    regarded   AS  CONSISTING    OF   A   SlNGLE    rRlNClPLE. — When    the 

substance  is  solid,  this  may  be  recognized  by  the  following  oharac* 
ters : 
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let.  If  ,it  be  capable  of  melting,  tbe  temperature  remains  constant 
during  the  whole  time  occupied  by  the  fusion. 

2nd.  If  it  ci-ystallize,  its  crystals  are  all  perfectly  homogeneous. 

3rd.  When  submitted  to  the  action  of  different  solvents,  it  either  will 
not  dissolve  at  all  or  it  dissolves  totally,  provided  that  a  sufficient 
quantity  of  the  liquid  be  employed. 

4th.  When  it  is  divided  into  several  parts  by  means  of  fractional 
solutions,  the  weights  of  the  different  residues  arising  from  the  evapo- 
ration of  equal  quantities  of  the  solvent  are  equal ;  moreover,  these 
different  residues  present  the  same  physical  characters,  and  ultimate 
analysis  assigns  to  them  the  same  composition. 

When  the  substance  is  liquid,  it  presents  a  constant  boiling  point; 
but,  as  we  said  before,  the  constancy  of  the  boiling  point  is  not 
alone  sufficient  for  us  to  affirm  that  a  substance  is  constituted  of  a 
single  principle,  inasmuch  as  certain  mixtures  possess  this  property, 
this  constancy  must  exist  under  all  pressures.  It  is  observed  that  the 
relation  between  the  tensions  of  the  vapours  of  two  liquids  changes 
with  the  temperature.  As  by  lowering  the  pressure  the  boiling  point 
is  also  lowered,  the  relation  between  the  elastic  forces  of  the  vapours  of 
the  mixed  liquids  changes,  and  with  it  the  quantities  of  each  of  them 
which  distil.  The  result  is  that,  by  distillation  in  vacuo,  liquids  may 
be  separated,  which  at  a  normal  pressure  form  a  mixture,  the  boiling 
point  of  which  is  constant. 

Ultimate  Analysis. — The  object  of  ultimate  analysis  is  to  determine 
the  proportions  of  the  different  simple  elements  which  enter  into  the 
composition  of  an  organic  body.  As  all  organic  compounds  contain 
carbon,  and  nearly  all  contain  hydrogen,  the  determination  of  these  two 
bodies,  or  at  least  of  one  of  them,  is  always  necessary.  Besides,  as  it 
is  often  necessary  to  determine  the  chlorine,  bromine,  iodine,  nitrogen, 
phosphorus,  arsenic,  sulphur,  and  metals,  we  will  successively  review 
these  different  analyses. 

Ist.  Determinations  of  Carbon  and  Hydrogen. — This  is  based  <m 
the  property  possessed  by  chromate  of  lead  and  by  oxide  of  copper,  of 
oxidiziug  organic  substances  while  they  themselves  are  deoxidized.  In 
this  combustion  the  hydrogen  of  the  organic  substance  passes  into 
the  state  of  water,  and  the  carbon  into  that  of  carbonic  anhydride. 
These  bodies  are  collected  in  apparatus  previously  weighed,  their 
weights  ascertained,  and  that  of  the  carbon  and  hydrogen  thence 
deduced. 

This  analysis  requires  minute  precautions.  The  oxide  of  copper 
must  first  be  heated  to  redness  in  order  to  destroy  the  organic  particles 
which  might  be  deposited  upon  it,  and  to  drive  off  the  hygrometric 
moisture;  then,  while  it  is  still  warm,  it  is  enclosed  in  a  clean 
and  very  dry  bottle,  which  is  closely  stoppered,  and  in  which  it  can 
become  cool  without  absorbing  moisture.  Generally,  the  bottle  is 
rinsed  out  two  or  three  times  with  hot  oxide  of  copper,  which  is  rejected, 
and  it  is  only  after  these  preliminary  operations  that  the  bottle  is 


ORGANIC  ANALYSIS.  847 

filled.     This  washing  with  oxide  of  copper  is  for  the  parpoee  of  com- 
pletely drying  the  bottle  and  removing  all  solid  substances  from  it. 

A  hard  glass  tube,  about  thirty  inches  in  length  and  half  an  inch  in 
diameter,  is  used.     The  form  represented  in  fig.  38  is  given  to  this 
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Fig.  38. 

tube  by  drawing  it  out  at  one  of  its  ends.  The  inside  should  be  dried 
by  bibulous  paper,  then  cleansed  with  heated  oxide  of  copper,  and, 
finally,  carefully  stoppered  until  the  time  of  the  analysis. 

Then  the  substance  to  be  analysed  is  prepared.  If  this  be  solid,  it 
is  powdered  and  dried  in  a  small  stove  heated  to  100^  until  no  loss  is 
observed  after  two  successive  weighings.  A  very  dry  small  glass  tube 
is  then  filled  with  it,  and  carefully  stoppered  and  weighed. 

This  done,  a  certain  quantity  of  oxide  of  copper  is  put  into  the 
tube,  as  far  as  A  for  instance ;  then  the  small  tube  is  uncorked,  and  the 
substance  to  be  analyzed  is  allowed  to  fall  into  the  larger  tube.  More 
oxide  of  copper  is  added,  and  by  means  of  a  long  copper  rod,  the  lower 
part  of  which  is  twisted  in  a  spiral  form,  the  substance  is  mixed  with 
this  oxide,  so  that  the  mixture  occupies  about  the  space  comprised  in 
the  drawing  between  A  and  B ;  finally,  from  B  to  C  the  tube  is  filled 
with  pure  oxide  of  copper,  after  which  it  is  well  corked.  The  small 
tube  which  first  contained  the  substance  is  then  weighed,  and  on 
deducting  this  weight  from  its  weight  when  full,  that  of  the  substance 
to  be  analyzed  is  obtained. 

The  combustion  tube  is  next  wrapped  in  a  sheet  of  iron,  in  order 
that  it  may  not  be  distorted  by  the  heat,  and  the  mouth  is  closed  by  a 
good  cork,  through  which  it  is  placed  in  communication  with  tlie  con- 
densing apparatus  destined  to  absorb  the  water  and  the  carbonic  anhy- 
dride. 

The  apparatus  used  to  absorb  the  water  is  composed  of  a  TJ-shaped 
tube  full,  either  of  pumice-stone  moistened  with  sulphuric  acid,  or  of 
dried  chloride  of  calciam,  or  of  one  of  these  substances  in  one  branch 
and  the  other  in  another.  In  order  that  this  tube  may  be  used  several 
times,  instead  of  placing  above  each  branch  a  simple  curved  tube 
intended  to  convey  the  gases,  a  tube  in  which  a  small  globe  is  blown 
is  adapted  to  one  side.  The  greatest  part  of  the  water  is  then  con- 
densed in  the  globe,  from  which  it  can  be  expelled  at  the  end  of  the 
analysis,  and  the  drying  substances  retain  their  power.  The  apparatus 
then  assumes  the  form  indicated  in  fig.  39  (page  348).  The  end  which 
has  the  bulb  is  placed  in  communication  with  the  retort  tube  by 
means  of  a  cork. 

The  apparatus  destined  to  absorb  carbonic  anhydride  is  composed  of 
two  tubes. 
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The  first,  called  Liebig's  tube,  it<  of  the  furm  ivspieBentcd  in  fig.  40 ; 
it  conlaine  a  bighly-coD centra t«d  solution  of  cauutic  potash.  The 
second  is  a  simple  U-abapeil  tube,  one  of  tho  branches  of  which  ie  full 


of  pumice-stone  moiotened  with  a  solution  of  caustic  potash,  while  the 
other  contains  pieces  of  cauetic  potaaU.  This  tube  should  always  be 
fixed  in  such  a  manner  that  the  gas  shall  tnLverse  the  pumice-stone 
before  parsing  over  the  pieces  of  potaeh.  Its  object  is  to  arrest  the 
small  quantity  of  carbonic  anhydride  which  may  have  escaped  Liebig's 
tube,  and  the  vapour  of  water  which  the  gaseous  current  may  have  taken 
from  tba  solution  of  potash,  and  which  would  tend  to  diminish  the 
weight  of  the  apparatus. 

Liebig's  tube  is  joined  to  the  water  apparatus  and  to  the  tube  con- 
taining potash  by  means  of  india-rubber. 

The  complete  apparatus  then  has  the  form  represented  in  our  draw- 
ing (fig.  41). 


Before  commencing  the  analysis,  that  globe  of  the  Liebig's  tube 
which  communicates  freely  with  the  Jufeiior  of  the  apparatus  is  gently 
heated  so  as  to  expel  a  certain  quantity  of  air,  and  then  allowed  to 
cool.  A  vacuum  is  made  in  this  globe,  and  s  column  of  the  liquid  then 
rises  into  it.  'llie  level  of  the  liquid  in  the  two  globes  being  thus 
different,  it  is  nccosBary  to  wait  a  few  miuutes.     If  the  apparatus  leaks 


ORGANIC  ANALYSIS.  349 

at  any  point,  the  external  air  will  penetrate  into  it,  the  internal  pres- 
sure again  becomes  equal  to  the  atmospheric  pressure,  and  the  liquid 
regains  its  original  level  in  the  two  globes.  If^  on  the  contrary,  the 
apparatus  is  air-tight,  the  difference  in  level  remains. 

When  it  is  ascertained  that  the  apparatus  is  air-tight,  heat  is  gradually 
applied  either  by  means  of  a  gas  flame  or  charcoal,  to  all  that  portion 
of  the  tube  containing  pure  oxide  of  copper.  When  this  first  part  is 
red  hot  the  fire  is  gradually  brought  to  the  farther  extremity,  until  the 
mixture  of  oxide  of  copper  and  the  substance  is  arrived  at.  The  com- 
bustion then  commences,  and  gas  bubbles  are  seen  to  be  disengaged  in 
Liebig's  tube.  When  the  current  of  bubbles  slackens,  the  heat  is  again 
advanced,  and  this  continued  until  the  entire  length  of  the  tube  is  heated. 
When  the  combustion  is  terminated,  the  carbonic  anhydride  ceases  to  be 
disengaged  atid  that  which  fills  the  tube  is  partly  absorbed  by  the  solu- 
tion of  potash,  the  internal  pressure  diminishes,  the  liquid  rises  into  one 
of  the  side-bulbs  of  Liebig*s  tube,  and  the  external  air  penetrates  into 
the  apparatus,  llie  point  of  the  combustion  tube  is  then  broken  off  and 
placed  in  communication  with  a  gasometer  full  of  oxygen  by  means  of 
a  long  india-rubber  tube,  and  a  current  of  this  gas  is  transmitted  into 
the  combustion  tube.  The  oxygen  ought  first  to  pass  through  an 
apparatus  full  of  caustic  potash  and  chloride  of  calcium,  to  free  it  from 
the  vapour  of  water  it  contains,  and  from  carbonic  anhydride  with 
which  it  may  be  mixed. 

The  oxygen  displaces  the  carbonic  anhydride  which  filled  the  tube, 
and  completes  the  combustion  in  cases  where  it  is  incomplete ;  moreover, 
it  restores  the  copper  to  the  state  of  black  oxide,  and  renders  it  fit  to 
be  used  again.  We  know  that  the  carbonic  anhydride  has  been  totally 
expelled  from  the  retort  tube,  when  the  gas  which  disengages  at  the 
end  of  the  apparatus  relights  a  match  with  a  glowing  spark  at  the  end 
of  it. 

The  gaseous  current  is  then  arrested,  the  apparatus  dismounted , 
and  a  current  of  air  made  to  pass  into  the  condensing  tubes  by  means 
of  an  india-rubber  tube.  This  is  to  eliminate  the  oxygen,  which, 
owing  to  its  density  being  greater  than  that  of  air,  would  give  an 
excess  of  weight  in  weighing. 

Finally,  the  U-shaped  tube  full  of  chloride  of  calcium  is  weighed 
alone,  and  the  other  two  tubes  together ;  the  excess  of  these  weights 
over  those  of  the  same  apparatus  before  the  experiment,  gives  the 
weight  of  the  carbonic  anhydride  and  of  the  water  formed.  Let  P 
and  R  be  these  weights.  Knowing  that  11  parts  of  carbonic  anhydride 
contain  3  parts  of  carbon,  and  that  9  parts  of  water  contain  1  of 
hydrogen,  we  place  the  proportions  : 

^  ^       .  3P 

11  :  3  ::  P  :  aj;  therefore  a;  =  --. 

9  :  1  : :  R  :  x;  therefore  x  =  —, 
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Finally,  by  two  other  proportions,  the  centesimal  composition  is 
found. 

When  chromate  of  lead  is  used  instead  of  oxide  of  copper,  the 
salt  being  first  washed  and  powdered,  the  analysis  takes  place  in  the 
same  manner. 

If  the  substance  to  be  analyzed  be  liquid,  it  is  placed  in  a  small  thin 
glass  capsule  (fig.  42).  For  this  purpose  the  capsule  is  gently 
heated  in  its  widest  part,  and  inverted  in  the  liquid,  which 
rises  into  the  narrow  tube  terminating  the  capsule.  When  a 
sufficient  quantity  has  entered,  the  capsule  is  turned  upright, 
and  the  narrow  part  hermetically  sealed.  The  difference  be- 
tween the  weights  of  the  capsule  when  empty  and  when  fiill 
gives  the  weight  of  the  liquid. 

The  combustion  tube  is  filled  in  the  same  way  as  when  acting 
on  a  solid ;  only,  instead  of  placing  the  substance  in  it  in  the 
^^'  *^'    manner  described,  the  capsule  is  thrown  into  it  after  its  point  has 
been  broken,  and  the  tube  is  then  filled  with  pwre  oxide  of  copper. 

If  the  liquid  be  little  volatile,  it  might  be  feared  that  it  would  only 
pai*tially  decompose,  and  that  a  small  quantity  of  unconsumed  carbon 
would  remain  in  the  capsule.  To  obviate  this  difficulty,  a  small  piece 
of  glass  is  placed  in  the  tube,  and  the  capsule  is  thrown  in  with  suf- 
ficient force  to  cause  it  to  be  broken  in  falling,  the  liquid  is  then  inti- 
mately mixed  with  the  oxide  of  copper,  and  all  loss  of  carbon  is  avoided. 
If  tiie  substance  contain  chlorine,  bromine,  iodine,  or  sulphur,  and  it 
be  analyzed  by  means  of  oxide  of  copper,  a  small  piece  of  chromate  of 
lead  should  be  placed  in  front  of  this  oxide,  otherwise  volatile  chlorides, 
bromides,  or  iodides  of  copper  would  be  produced  and  added  to  the 
water  in  the  weighing,  or  sulphurous  anhydride  would  be  formed  and 
added  to  the  carbonic  anhydride.  As  the  chromate  of  lead  transforms 
these  different  bodies  into  chloride,  bromide,  iodide,  or  sulphate  of  lead, 
and  as  these  latter  salts  are  not  volatile,  this  accident  is  no  longer  to  be 
feared. 

If  the  substance  contain  nitrogen,  binoxide  of  nitrogen  will  be 
formed  during  the  combustion.  On  contact  with  oxygen  this  gas  is 
transformed  into  hyponitric  acid,  which  is  deposited  either  as  nitric 
acid  in  the  tube  destined  to  receive  the  water,  or  in  the  Liebig's  tube 
in  the  state  of  alkaline  nitrate  and  nitrite ;  the  analysis  is  thus  vitiated. 
This  cause  of  error  can  be  remedied  by  placing  metallic  copper  turnings 
heated  to  redness  in  advance  of  the  oxide  of  copper.  This  metal 
absorbs  the  oxygen  of  the  binoxide  of  nitrogen.  The  gas  is  thus 
restored  to  the  state  of  nitrogen,  and  can  no  longer  affect  the 
result  of  the  analysis. 

M.  Piria  has  introduced  a  modification  in  the  apparatus  we  have  just 
described.  The  combustion  tube  he  uses  is  open  at  both  ends  and  divided 
into  two  parts  by  a  plug  of  asbestos.  ITie  first  part,  full  of  oxide  of 
copper,  is  kept  at  red  heat.  A  small  vessel  containing  the  substance 
to  be  analyzed  is  placed  in  the  further  part,  which  part  is  heated  after 
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having  a  current  of  oxygen  passed  into  it.  At  the  end  of  the  operation 
the  whole  tube  ought,  as  usual,  to  be  heated.  The  substance  bums 
both  under  the  influence  of  the  current  of  oxygen  and  of  the  oxide  of 
copper. 

M.  Piria  also  advises  that  the  apparatus  should  be  terminated  by  an 
aspirator,  which  renders  the  internal  pressure  weaker  than  the  atmo- 
spheric pressure.  The  carbonic  anhydride  cannot  then  permeate  the 
pores  of  the  cork.  The  atmospheric  air,  on  the  contrary,  would  tend 
to  do  this. 

In  order  to  show  the  utility  of  this  precaution,  M.  Piria  demonstrated 
that  in  ordinary  analyses  a  portion  of  the  carbonic  anhydride  is  absorbed 
by  the  cork,  so  that  if  this  be  placed  in  a  vessel  containing  lime-water, 
and  the  whole  put  under  the  receiver  of  an  air-pump,  small  bubbles  of 
gas  which  whiten  the  lime-water  are  seen  to  disengage. 

2nd.  Detkrm  I  NATION  OF  Nitrogen. — Nitrogen  is  sometimes  deter- 
mined by  volume,  sometimes  in  the  state  of  ammonia.  The  first  of 
these  processes  is  the  more  general ;  the  other  cannot  be  applied  to 
compounds  containing  the  nitrile  group  (NO*). 

DeterminaJtion  of  Nitrogen  hy  Volume, — To  find  the  proportion  of 
nitrogen  by  volume,  a  tube  is  used  about  36  inches  in  length ;  in  the 
bottom  of  this  tube  is  placed  first  a  certain  quantity  of  bicarbonate  of 
sodium,  then  a  little  pure  oxide  of  copper  is  put  into  it,  after  which  there 
is  introduced  either  the  solid  substance  mixed  with  a  fresh  quantity  of 
oxide  of  copper,  or  the  liquid  placed  in  a  capsule.  This  done,  a  layer 
of  pure  oxide  of  copper  is  added,  as  if  an  ordinary  analysis  were  to 
be  made,  but  after  this  the  tube  is  filled  up  with  copper  turnings. 

That  part  which  is  beyond  the  copper  is  drawn  out  and  placed  in  com- 
munication with  one  of  the  stop-cocks  of  a  small  air-pump  by  means  of 
caoutchouc,  the  other  stop-cock  of  the  pump  is  joined  also  by  means  of 
caoutchouc  to  a  bent  tube,  the  vertical  portion  of  which  must  be  at 
least  32  inches  in  length,  and  whose  lower  portion  conducts  the  gas 
into  a  bath  of  mercury. 

Fig.  43  (page  352)  represents  the  apparatus.  When  arranged,  we 
must,  in  the  first  instance,  ascertain  by  means  of  the  air-pump  that  the 
stop- cocks  and  caoutchouc  tubes  are  all  air-tight.  A  small  column  of 
mercury  is  raised  in  the  exit  tube,  which  should  maintain  its  elevation 
when  the  pump  ceases  to  be  worked. 

When  satisfied  on  this  point,  all  the  air  must  be  exhausted  from  the 
apparatus  by  the  air-pump ;  then  that  part  of  the  tube  which  contains 
the  bicarbonate  of  sodium  is  gently  heated,  causing  carbonic  anhydride 
to  be  disengaged,  whereby  the  pressure  is  again  equalized.  The  appa- 
ratus is  again  exhausted,  and  the  operation  is  thus  continued  until  the 
gas  which  escapes  from  the  tube  while  the  bicarbonate  is  being  heated 
is  entirely  absorbed  by  a  solution  of  potash. 

When  the  air  is  entirely  eliminated,  a  graduated  glass  cylinder,  filled 
with  mercury,  into  the  upper  part  of  which  a  solution  of  caustic  potash 
has  been  introduced,  is  placed  over  the  tube  of  exit;  then  that  portion 
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of  the  tube  which  contaisB  the  copper  tumingB,  and  that  containing 
the  pure  oxide  of  copper,  are  heated. 

When  all  thin  part  of  the  tube  ia  red  hot,  the  oxide  of  copper  which 
is  near  the  carbonate  of  eodiiam  is  heated,  and  the  mixture  cj  oxide  of 
copper  and  the  Riibstance  is  gi-adually  arrived  at, and  continuing  in  this 
manner,  the  tube  is  at  last  heated  throughout  its  whole  length. 

The  Biibstance  ia  burned  an  in  ordinary  analysis.  Binoxide  of 
nitn^on  is  pro<)aced,  which,  on  contact  with  the  copper,  passes  to  the 
state  of  nitrogen  and  is  collected  in  the  graduated  cylinder. 


Fig  fa. 

When  the  disengagement  of  gae  ceases,  the  bicarbonate  of  sodium 
is  heated  in  order  to  produce  a  diseugagement  of  carbonic  anhydride, 
which  drives  out  the  nitrogen  contained  in  the  tube. 

The  operation  bting  concluded,  the  gas  contained  in  the  glass  cylinder 
is  measured  ;  this  gas  consists  of  pure  nitrogen,  the  carbonic  anhydride 
having  been  absorbed  by  the  alkaline  solution.  In  order  to  determine 
the  volume  of  gaa,  it  ia  decanted  into  a  graduated  tube  of  small  diameter 
placed  over  a  water  bath.  The  gas  is  thus  saturated  with  watei-y  vapour, 
of  which  it  is  easy  to  take  account  knowing  the  temperature,  and  deeie- 
cation  is  therefore  unnecesaiy. 

When  the  gaseous  volume  in  known  it  must  be  reduced  to  the  normal 
pressure  and  temperature.  This  is  done  by  employing  the  following 
formula,  in  which  v  represents  the  volume  observed,  and  x  the  volume  - 
corrected : 

760(1  +O-OO307(J 
Multiplying  the  corrected  volume  by  0' 001 2503,  which  is  the  weight 
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in  grammes  of  a  cubio  centiYnetre  of  nitrogen,  the  weight  of  the  nitrogen 
collected  in  the  experiment  is  found,  which  weight  is  brought  to  a  per 
centage  hy  a  simple  proportion.  The  letter  /  in  the  preceding  formula 
represents  the  tension  of  the  vapour  of  water.  We  give  a  table  of  the 
values  of  /  according  to  M.  Hegnault,  as  well  as  the  values  of  the  de- 
nominator 760(1  +  0'00367<)  =  d  for  the  temperatures  comprised 
between  0  and  30^ 
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The  analytical  process  we  have  just  described  contains  a  source  of 
error  which  must  be  eliminated.  It  sometimes  happens  that  a  small 
portion  of  the  binozide  of  nitrogen  escapes  the  reducing  action  of  the 
copper.  As  this  gas  only  contains  half  its  volume  of  nitrogen,  it  is 
always  necessary  to  ascertain  whether  there  is  any  in  the  tube,  and  in 
this  case  to  determine  its  proportion. 

After  having  measured  the  gas  as  has  been  directed,  the  tube  is 
placed  in  a  vessel  containing  either  a  solution  of  protosulphate  of  iron 
or  a  solution  of  permanganate  of  potassium.  The  binoxide  of  nitrogen  is 
thereby  absorbed.  The  pure  nitrogen  which  remains  is  measured,  and 
the  difference  between  the  new  and  the  original  volume  indicates  the 
quantity  of  binoxide  of  nitrogen  that  has  disappeared.  Then  there 
must  be  added  to  the  volume  of  pure  nitrogen  a  volume  equal  to  the 
half  of  that  of  the  binoxide,  and  the  calculation  is  complete. 

Determination  of  Nitrogen  hy  conversion  into  Ammonia. — Messrs.  Will 
and  Varrentrapp,  to  whom  we  owe  this  method,  recommend  the  ope- 
ration to  be  conducted  in  the  following  manner : 

Into  a  retort  tube,  exactly  like  that  used  to  determine  carbon  and 
hydrogen,  a  mixture  of  soda-lime  and  about  3  decigrammes  of  the  sub- 
stance is  introduced.  The  tube  is  then  filled  with  soda-lime,  a  plug  of 
asbestos  is  loosely  inserted  to  keep  the  mixture  in  the  tube,  and  it  is 
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Fig.  44. 

placed  in  communication,  by  means  of  a  good  cork,  with  an  apparatus 

2  a 
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with  bulbs,  as  represented  in  fig.  44  (page  353),  the  bnlbs  oontaining 
concentrated  hydrochloric  acid. 

The  combustion  should  be  conducted  as  in  an  ordinary  analysis. 
Under  the  influence  of  the  soda-lime,  the  nitrogen  of  the  organic  sub- 
stance is  converted  into  ammonia,  which  remains  in  the  hydrochloric 
acid.  When  gaseous  disengagement  ceases,  the  narrow  point  E  of  the 
combustion  tube  is  opened,  and  air  drawn  through  by  means  of  an 
india-rubber  tube  fixed  to  the  open  end  of  the  bulb  tube.  The  current 
of  air  conveys  all  the  ammoniacal  vapours  contained  in  the  apparatus 
into  the  hydrochloric  acid. 

This  done,  the  hydrochloric  acid  in  the  bulb  tube  is  poured  into  a 
small  evaporating  dish,  and  the  tube  is  washed  with  distilled  water, 
and  the  rinsings  added  to  the  hydrochloric  acid.  An  excess  of  tetra- 
chloride of  platinum  is  then  added,  and  the  whole  evaporated  to 
dryness  in  a  water-bath.  The  residue  is  washed  with  a  mixture  of 
alcohol  and  ether,  then  collected  on  a  filter  and  dried.  Finally,  it  is 
calcined,  and  the  platinum  which  remains  as  residue  is  weighed. 
From  the  weight  of  this  metal  that  of  the  nitrogen  is  deduced :  each 
atom  of  platinum  corresponds  to  a  molecule,  or  two  atoms  of  nitrogen. 

The  soda-lime  used  is  obtained  by  slaking  ordinary  lime  with  a  solu- 
tion of  soda  and  calcining  the  mass  in  a  crucible. 

The  ammonia  may  also  be  collected  in  a  solution  of  stQphuric  acid^ 
and  the  quantity  of  this  base  afterwards  determined  by  a  volumetric 
analysis. 

3rd.  Determination  of  Chlorine,  Bromine,  and  Iodine. — In  order 
to  determine  the  proportions  of  these  different  elements  contained  in 
organic  substances,  these  latter  are  decomposed  by  pure  lime.  Chloride, 
bromide,  or  iodide  of  calcium  is  formed.  These  salts  remain  mixed 
with  carbon  arising  from  the  organic  matter,  and  with  a  great  excess 
of  lime.  When  the  mass  has  become  cool,  it  is  exhausted  by  water  or 
by  pure  nitric  acid.  The  lime  is  entirely  dissolved,  as  well  as  the 
chloride  of  calcium.  It  must  be  filtered  to  separate  the  carbon,  and 
when  the  filter  has  been  well  washed,  and  the  water  from  the  washings 
mixed  with  the  liquid,  this  is  precipitated  by  means  of  nitrate  of 
silver ;  it  is  boiled  to  £ax)ilitate  the  collection  of  the  precipitate,  and 
filtered  through  paper. 

When  all  the  precipitate  is  collected  on  the  filter,  this  is  dried  in  an 
oven ;  then  the  chloride  of  silver  is  carefully  separated,  thrown  into  a 
small  porcelain  capsule,  and  melted  by  means  of  a  spirit-lamp. 

Or  the  filter  is  folded  enclosed  by  a  platinum  wire,  and  entirely 
burned  :  the  little  chloride  of  silver  which  adhered  is  reduced  to  the 
state  of  metallic  silver  by  the  hydrogenized  gases  which  form  during 
the  combustion. 

If  the  porcelain  capsule  has  been  weighed  before  and  after  intro- 
ducing the  chloride  of  silver,  the  weight  of  the  latter  will  be  known. 

Also,  if  the  platinum  wire  be  weighed  alone,  and  then  weighed 
with  the  ashes  of  the  filter,  the  difference  will  be  equal  to  the  united 
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weights  of  the  silver  and  the  ashes  of  the  filter ;  and  on  deducting  the 
weight  of  the  ashes,  determined  by  a  previous  experiment,  that  of 
the  silver  is  ascertained. 

Then  the  weight  of  the  chloride  of  silver  which  gave  rise  to  this 
metallic  silver  is  calculated,  and  that  of  the  chloride  of  silver  contained 
in  the  capsule  added  to^it ;  and,  finally,  the  quantity  of  chlorine  corre- 
sponding to  the  weight  of  silver  is  also  calculated. 

The  processes  are  the  same  with  bromine  and  iodine. 

In  order  to  effect  the  decomposition  of  the  substance  by  lime,  we  take 
a  tube  20  inches  long  and  the  third  of  an  inch  in  diameter,  close  it  at 
one  end,  and  fill  it  as  if  an  ordinary  analysis  were  to  be  performed, 
with  the  single  difference  that  lime  is  used  instead  of  oxide  of  copper. 

That  part  of  the  tube  which  contains  lime  only  is  first  heated,  then 
that  containing  the  mixture  of  lime  and  the  substance  to  be  analyzed. 
When  the  tube  has  been  heated  to  redness  throughout  the  whole  of  its 
length,  and  maintained  for  some  time  at  that  temperature,  it  is  removed 
from  the  fire  and  allowed  to  cool. 

When  the  tube  is  cold,  the  lime  is  made  to  fall  gradually  into  a 
flask  containing  a  little  distilled  water,  then  the  interior  is  washed 
with  dilute  nitric  acid,  which  is  added  to  the  water  in  the  flask,  and 
the  determination  is  concluded  as  has  been  before  described. 

If  the  substance  in  which  either  the  carbon  or  the  chlorine  is  to  be 
determined  were  too  volatile,  the  analytical  tube  should  be  terminated 
by  a  point  at  one  end.     A  bulb  tube  should  be  joined  by  means  of 


Fig.  45. 


caoutchouc  (fig.  45),  and  its  point  should  be  broken  after  heating  the 
oxide  of  copper  or  the  lime  to  redness.  In  the  case  of  an  ordinary 
analysis,  a  bulb  with  two  points  should  be  used  in  order,  at  the  end  of 
the  operation,  to  transmit  oxygen  through  the  bulb  to  cleanse  it  from 
the  small  quantity  of  carbonic  anhydride  which  may  have  accumulated 

there. 
4th.  Deteemination-  of  Sulphur,  Arsenic,  and  Phosphorus.— The 

most  simple  method  of  determining  these  substances  consists  in  trans- 
forming sulphur,  arsenic,  and  phosphorus  into  soluble  sulphates, 
arseniates,  and  phosphates,  which  are  afterwards  determined  by  the 
processes  used  in  mineral  chemistry. 

In  order  to  oxidize  the  sulphur,  phosphorus,  and  arsenic  contained  in 
oi^anic  substances,  these  substances  are  heated  for  about  twelve  hours 
to  200''  with  fuming  nitric  acid,  in  a  hermetically-sealed  tube ;  after 
opening  the.  tube  the  acid  is  saturated  by  potash,  slowly  evaporated, 
and  the  residue  melted  in  a  platinum  capsule.  The  mass  when 
cooled  contains  the  metalloids  mentioned  as  salts  in  the  maximum  state 
of  oxidation.     If  a  determination  of  sulphur  has  to  be  made,  the  solu- 
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tion  is  then  precipitated  by  chloride  of  barium  and  gently  heated.  The 
precipitate  is  collected  on  a  filter,  well  washed  and  dried  on  a  stove, 
then  with  the  filter  calcined  at  red  heat  in  a  platinum  crucible.  As 
the  carbon  furnished  by  the  filter  reduces  a  portion  of  the  sulphate  of 
barium  to  the  state  of  sulphide,  the  whole  must  be  restored  to  the  state 
of  sulphate  :  to  effect  this  a  little  nitric  and  sulphuric  acid  is  poured  on 
the  precipitate,  which  is  then  evaporated  to  dryness.  From  the  weight 
of  the  sulphate  of  barium  obtained,  less  that  of  the  ashes  of  the  filter, 
the  weight  of  the  sulphur  contained  in  the  substance  analyzed  is 
deduced.  When  arsenic  or  phosphorus  is  to  be  determined,  the  solution 
is  precipitated  by  a  mixture  of  the  sulphate  of  magnesium,  chloride  of 
ammonium  and  ammonia,  and  the  mixture  is  left  for  at  least  12  hours. 
In  the  cajse  of  phosphorus,  the  precipitate  is  collected  on  a  filter,  then, 
after  drying,  it  is  calcined  at  a  red  heat  in  a  porcelain  crucible ;  the 
double  ammoniaco-magnesiau  salt  is  transformed  into  pyrophosphate  of 
magnesium.    The  weight  of  the  ashes  of  the  filter  is  deducted  from  that 

PO"'] 
of  the  latter  compound,  and  knowing  its  formula  PO'"  >0*,  the  quantity 

Mg'J 

of  phosphorus  this  salt  contains  is  easily  calculated. 

If  arsenic  is  to  be  determined,  the  double  ammoniaco-magnesian  salt 
is  collected  on  a  filter  weighed  after  desiccation  at  100°  ;  the  filter  and 
the  precipitate  are  then  dried  at  100**  and  weighed.  On  deducting  the 
weight  of  the  filter  from  the  total  weight,  that  of  the  double  salt  is 
found,  from  which  that  of  the  arsenic  may  be  calculated ;  it  suffices  to 

/AsO'")     \ 
remember  that  the  formula  of  this  salt  is  2  (    Mg"  }0*  I    +    (H'O). 

.      .      .     ^  ^^'^     i 
If  the  salt  were  transformed  by  calcination  into  pyro-arseniate  of  mag- 
nesium, operating  in  the  same  way  as  with  the  phosphate,  it  would 
lose  3  or  4  per  cent,  of  arsenic. 

6th.  Determination  of  Metals. — In  order  to  determine  metals,  the 
organic  substance  must  be  incinerated.  When  the  pure  metal  remains, 
as  is  the  case  with  gold,  platinum,  and  silver,  it  only  requires  to  be 
weighed:  when  it  remains  in  the  state  of  oxide  or  carbonate,  the 
quantity  is  determined  by  the  processes  used  in  mineral  analysis, 
into  the  description  of  which  the  limits  of  this  work  will  not  permit 
us  to  enter. 

Eudiometric  Analysis. — Gases  may  be  analyzed  by  the  processes  that 
have  been  described ;  for  this  purpose  we  introduce  into  the  com- 
bustion-tube an  accurately-measured  volume  of  a  gas  whose  density  is 
known ;  but  when  the  gases  do  not  contain  any  other  elements  besides 
carbon  and  hydrogen  it  is  more  convenient  to  determine  their  compo- 
sition by  means  of  the  eudiometer,  which  may  also  be  used  to  deteimine 
how  much  carbon  is  contained  in  its  oxygenated  compounds. 

We  have  already  seen  in  inorganic  chemistry  that  it  is  possible,  by 
means  of  the  eudiometer,  to  analyze  atmospheric  air  and  the  gaseous 
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mixture  which  results  from  the  decomposition  of  ammoniacal  gaa  by 
electricity. 

The  analysis  of  the  different  gaseous  compounds  met  with  in  organic 
chemistry  presents  another  difficulty  :  these  gases  are  not  mixtures,  but 
combinations  in  which  the  different  elements  are  united  and  con- 
densed. 

Let  us  take  for  example  the  analysis  of  a  gaseous  carburetted 
hydrogen. 

A  certain  volume  V  of  this  gas  is  introduced  into  the  eudiometer, 
and  a  volume  0  of  oxygen  is  added,  care  being  taken  that  this  latter 
body  be  in  excess,  the  Volume  of  the  gaseous  mixture  will  be  V  -f-  0. 

An  electric  spark  is  passed  into  the  mixture,  the  carburetted  gaa  will 
be  burnt,  and  water  and  carbonic  anhydride  will  be  produced.  As  the 
water  will  be  condensed,  the  gaseous  volume  remaining  will  simply 
consist  of  carbonic  anhydride  and  the  excess  of  oxygen.  Tliis  volume, 
which  we  will  designate  by  X,  is  measured,  and  the  carbonic  anhydride 
is  then  absorbed  by  means  of  potash.  If,  after  this  absorption,  the 
volume  be  Y,  X  —  Y  will  represent  the  carbonic  anhydride  absorbed. 

The  gas  remaining  will  be  pure  oxygen :  to  be  certain  of  this,  excess 
of  hydrogen  should  be  added  and  the  electric  spark  transmitted  through 
the  mixture,  the  diminution  of  volume  will  indicate  the  water  formed 
and  consequently  the  oxygen  which  has  disappeared  ;  let  Z  be  the 
volume  of  this  ox^'gen. 

We  know  that  carbonic  anhydride  contains  a  volume  of  oxygen 
equal  to  itself,  the  oxjgen  engaged  in  forming  the  carbonic  anhydride 
found  in  the  experiment  would  occupy  therefore  a  volume  equal  to 
X  —  Y ;  if  this  quantity  be  added  to  Z  and  the  sum  subtracted  from  the 
original  volume  of  oxygen  O,  the  difference  will  indicate  the  oxygen 
consumed  to  form  the  water.  It  will  then  suffice  to  double  this  volume 
in  order  to  know  the  proportion  of  hydrogen  contained  in  the  substance. 

Knowing  the  densities  of  carbonic  anhydride,  hydrogen,  and  the 
substance  analyzed,  the  centesimal  composition  by  weight  of  this  sub- 
stance can  be  calculated. 

If  the  substance  were  oxygenated,  still  the  proportion  of  carbon  it 
contained  could  be  detennined  by  means  of  the  eudiometer,  but  that  of 
the  hydrogen  could  not  be  so  determined :  this  determination  would 
require  the  knowledge  of  the  oxygen  employed,  but  the  quantity  of 
this  body  contained  in  the  substance  is  unknown. 

Nevertheless,  the  eudiometric  analysis  would  in  this  case  indicate 
the  presence  of  oxygen,  and  by  operating  as  if  we  had  a  hydrocarbide, 
and  calculating  the  composition  by  weight,  we  should  find  quantities  of 
carbon  and  hydrogen  the  sum  of  which  would  be  inferior  to  the  weight 
of  the  matter  employed. 

Substances  containing  carbon,  hydrogen,  and  nitrogen  may  be  com- 
pletely analyzed  by  the  eudiometric  method. 
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The  vapour  densitf  of  a  'boJ^  is  the  proportion  existing  between  the 
weight  of  a  giTen  Tolume  of  ita  vapour  and  that  of  an  equal  voliune  of 
air  nnder  the  same  conditions  of  pressure  and  temperature. 

Two  methods  are  need  to  determine  vapour  densities,  that  of  Gay- 
LuBsac  and  that  of  M.  Dnmas.     To  this  latter  must  be  added  tlie  im- 
provemeat  of  M.  Deville,  the  object  of  which  is  to  determine  the  vapour 
densities  of  bodies  whose  boiling  point  is  very  high.     This  method  is 
especially  nsef  ul  in  mineral  chemistry.  In  organic  chemistry  M.  Damaa' 
method  suffices.    It  enables  tie  to  operate 
up  to   600",  which  temperature  camiot 
here  be  used  beoatise  almost  all  organic 
8ub»tanoeB  decompose  before  attaining  it. 
Qay-Lossac's  Method, — In  this  process 
the  volume  occupied  by  the  vapour  of  a 
quantity  of  liquid,  the  weight  of  which 
has  been  previously  ascertained,  is  mea- 
sured.    Tiien  the  weight  of  an    equal 
volume  of  air  at  the  same  temperature 
and  preesure  is  calculated.     On  dividing 
the  weight  of  the  vapour  by  that  of  the 
air,  the  density  sought  for  is  obtained. 
The  apparatus  used  is  a  brass  pan  (fig.  46), 
which  is  placed  over  a  stove  after  being 
filled  with  very  dry  mercury, 

A  graduated  tube,  also  filled  with  dry 

mercur}',  is  placed    over  the  pan,  and 

round  this  tube  a  glass  cylinder  must  be 

placed,  the  diameter  of  which  should  be 

two  or  three  inches  less  than  that  of  the 

pan,  and  which,  as  well  as  the  tube, 

should  be  kept  in  a  vertical  position  by 

means  of  iron  rods  fixed  on  the  handles  of 

the  pan.    Water  ia  placed  in  the  round 

space  between  the  tube  and  the  glass 

Fig_(g.  cylinder,  and  a  thermometer  to  indicate 

the  temperature;  and  one  of  the  iron  rods 

of  which  we  spoke  holds  at  its  lower  part  a  needle  which  shows  the 

outer  level  of  the  liquid. 

A  small  vial  quite  full  of  the  body  whose  vapour  density  is  to  be 
ascertained  is  introduced  into  tlie  tube,  after  having  been  weighed 
first  empty  and  then  full,  to  know  tho  weight  of  the  liquid  contained 
in  it.  The  vial  being  introduced  the  mercury  is  heated ;  the  heat  is 
communicated  to  the  tube  and  the  water  in  the  cylinder :  soon  the 
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dilatation  of  the  liquid  breaks  the  vial ;  the  liquid  is  vaporized  and 
presses  back  the  mercury.  When  the  vaporization  is  completed,  and 
the  temperature  of  the  water  has  reached  the  point  at  which  the  deter- 
mination is  to  be  made,  this  temperature  is  marked,  and  the  volume 
occupied  by  the  vapour  is  read  on  the  graduated  tube.  It  is  also  neces- 
sary to  ascertain  the  pressure  at  which  this  vapour  is  found.  This 
pressure  is  evidently  equal  to  the  pressure  of  the  barometer  less  the 
mercurial  column  raised  into  the  tube.  In  order  to  know  it,  we  have 
only  to  examine  what  is  the  external  barometric  pressure  and  to 
measure  the  column  of  mercury  raised  up  into  the  tube. 

To  take  this  measure,  the  lower  point  of  the  needle  is  made  to  coin- 
cide exactly  with  the  level  of  the  mercury ;  then  the  vertical  distance 
which  separates  the  upper  part  of  the  needle  from  the  level  of  the 
mercury  in  the  tube  is  determined  by  the  cathetometer.  On  adding 
the  length  of  the  needle,  the  height  of  the'  mercurial  column  is  ascer- 
tained. 

We  have  therefore  the  weight  P  of  a  known  volume  of  vapour  at  a 
determined  pressure  and  temperature.  The  weight  Q  of  an  equal 
volume  of  air,  at  the  same  pressure  and  temperature,  is  given  by  the 
formula 

Q'  =  0-0012932  X   y(H-A) 

^         v/v       u    ^  760  (1-f  0-003670 

in  which  V  is  the  volume  of  vapour,  H  the  barometric  pressure,  h  the 
height  of  the  mercury  in  the  tube,  and  0-0012932  the  weight  of  a  cubic 
centimetre  of  air  at  0^  and  under  the  pressure  of  760™". 

The  quotient  of  P  by  Q'  is  the  density  sought  for. 

If  we  wish  to  determine  a  vapour  density  above  100°,  the  water  of 
the  cylinder  must  be  replaced  by  oil  as  transparent  as  possible,  or,  what 
is  better,  by  melted  paraffine ;  but  we  should  then  have  a  source  of 
error  in  the  tension  of  the  mercurial  vapour,  and  it  would  be  better  to 
have  recourse  to  M.  Dumas'  method.  Nevertheless,  this  cause  of  error 
may  be  avoided  by  remembering  the  tension  of  the  vapour  of  mercury 
in  the  calculations.  Its  varying  tensions  at  different  temperatures 
have  been  determined  with  great  exactitude  by  M.  Regnault. 

Metihod  of  M.  Dumas. — In  the  method  of  Dumas,  instead  of  mea- 
sxuing  the  volmne  of  vapour  produced  by  a  certain 
weight  of  the  liquid,  the  weight  of  the  vapour  con- 
tained in  a  vessel,  the  capacity  of  which  is  known, 
is  determined.  A  glass  globe  is  washed,  carefullj 
dried,  and  the  neck  drawn  out  in  the  form  repre- 
sented in  fig.  47. 

Then  the  globe  is  weighed  and  its  weight  noted,  ^k-  *'• 

as  well  as  the  height  of  the  barometer  and  the  temperature  of  the 
balance  at  the  time  of  the  weighing :  let  P  be  the  weight  of  the  globe, 
H  the  height  of  the  barometer,  and  t  the  temperature. 

Then  from  5  to  10  grm.  of  the  substance  is  introduced  into  the 
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Fig.  48. 


globe  by  beatiog  this,  and  then  allowing  it  to  cool  after  baTing  plunged 
its  point  into  the  liquid :  it  is  then  placed  in  a  bath  of  oil  in  whicb  it 

is  kept  by  means  of  the  apparatus  repre- 
sented in  fig.  48.     The  oil-bath  being  heated 
to  a  suitable  temperature,  the  liquid  is  con- 
verted into  vapour  and  passes  ont  by  the 
.h  mouth  of  the  globe,  after  displacing  the  at- 
mospheric air,  and  when  the  temperature 
has  attained  the  degree  at  which  it  is  pro- 
B    posed  to  determine  the  vapour  density,  the 
heat  is  regulated  so  as  to  maintain  a  steady 
temperature ;  then  the  point  of  the  globe  is 
closed  by  means  of  a  blowpipe  and  the 
barometric  pressure  is  noted  as  well  as  the 
temperature  of  the  bath.     Let  A  be  this 
pressure  and  T  this  temperature. 
The  globe  is  then  taken  out  of  the  oil, 
wiped,  washed  with  other  and  weighed.     Let  its  weight  be  B. 

The  point  of  the  globe  is  now  inserted  under  mercury  and  broken. 
The  vapour  being  condensed  a  vacuum  is  produced,  and  the  mercury 
rises  into  the  globe,  which  it  fills.  Then  this  liquid  is  poured  into  a 
graduated  tube,  and  its  volume,  which  we  will  call  V,  is  measured. 

If  all  the  air  were  not  expelled,  that  which  remains  should  be 
collected  in  a  small  graduated  tube  and  the  volume  measured.  By 
means  of  these  different  data,  the  density  of  the  vapour  sought  for  can 
be  ascertained. 

The  weight  P  of  tbe  globe  full  of  air  is  equal  to  that  of  the  glass  v 
plus  that  of  the  air  contained  p.     We  have  therefore : 

P  =  ^  4- J). 

The  weight  B  of  the  globe  in  the  second  weighing  is  equal  to  that  of 
the  glass  ir  plus  the  weight  x  of  the  vapour  it  contains.  We  can  there- 
fore place  the  equation : 

B  =  ir  +  x. 

From  these  two  equations  we  get : 

B-P+p  =  a;. 

In  reality,  B  =  tt  +  a  and  P  =  tt  -f  p.  It  is  therefore  evident  that 
by  adding  j>  to  w  -|-  05  and  «  to  tt  -f  jp,  we  have  the  equation  'n-  -{-x  -\-p 
=  IT  +  j?  -f-  a?,  or  by  replacing  tt  +  «  by  its  value  B,  and  ir  +p  by  its 
value  P,  B  -\-p  =  P  -f  a;,  from  which  equation  we  extract  B  -  P  -f  j?  =  x. 

This  equation  indicates  that  we  have  only  to  add  the  weight  of  a 
volume  of  air  equal  to  the  volume  of  the  globe  to  tbe  difference 
between  the  second  and  the  first  weighings  to  have  the  weight  of  the 
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vapour.     The  weight  of  this  voltime  of  air  must  therefore  be  calcu- 
lated. 

We  know  the  volume  V  of  the  globe  at  <°,  the  pressure  H  at  which 
the  first  weighing  was  made,  and  the  co-efficient  of  dilatation  of  air.  We 
shall  then  have  the  weight  p  of  the  air  contained  in  the  globe  by  means 
of  the  formula : 

^  =  760  (1  Zo-003670^  '■'''^''^- 

The  weight  of  the  vapour  thus  being  completely  determined,  the 
weight  of  a  volume  of  air  equal  to  the  volume  it  occupied  when  the 
globe  was  closed  must  be  calculated. 

The  CO- efficient  of  the  glass  being  designated  by  E,  the  volume  of 
the  globe  at  T^  will  be  V  (1  +  KT)  ;  not  taking  account  of  the  differ- 
euce  of  temperature  between  0  and  f,  the  volume  of  the  vapour  will 
alsobe  V(1+KT). 

This  volume,  when  reduced  to  normal  pressure  and  temperature, 
will  be: 

^^  "^        ^  760  (1  +  0-60367T) 

and  the  weight  of  an  equal  volume  of  air  at  the  same  temperature  and 
pressure : 

^<^  +  ^'^)  760TM^36-7Ty«<'«^2^^'^- 

The  vapour  density  of  the  substance  is  therefore  represented  by 

VH.0-0012932 


B-P-h 


760(1  4- 0-003670 


Yd   I  KT^      ^0-0012932 
^    "^     ^  760  (1  +  60367T)' 

Hitherto  we  have  supposed  the  air  to  have  been  completely  expelled 
from  the  apparatus ;  if  this  were  not  the  case,  the  experiment  would 
be  reduced  to  the  same  condition  as  if  a  globe  had  been  employed 
smaller  by  the  volume  of  air  remaining.  We  will  designate  this 
volume  by  r,  and  the  weight  corresponding  to  it  by  m. 

We  shall  have : 

n,  =  0.0012932..^-^—?;'—^-^-^ 

Calling  the  temperature  and  pressure  at  the  time  of  measuring  the 
volume  «,  H  and  <". 

The  weight  of  the  vapour  contained  in  the  globe  at  the  time  it  is 
closed  is 

B  -  P+J)  -TO. 

On  the  other  hand,  the  air  remaining  in  the  globe  would  occupy. 
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when  this  latter  has  been  closed,  under  the  pressure  H'  and  at  the  tem- 
perature T,  a  volume  represented  by 

,  _    W (1  4-  000367^^) 
^  "  ^R'  (1 -f  0-00367T) 

The  Yolmne  of  vapour  ought  therefore  to  be  diminished  by  v'  and  will 
be  equal  to 

[V(l  +  KT)  -  f/]  760(1  +  0-00367T) 

As  the  weight  of  an  equal  volume  of' air  under  the  same  conditions 
of  temperature  and  pressure  is 

[V  (1  +  KT)  -  .']  ,60(i+Lo367T)  '"^''"'^ 
the  vapour  density  sought  for  will  be  equal  to 

B-  P+l?-  TO 


0-0012932[V(l  -H  KT)  -  t/] 


760  (1  +  0-00367T) 


The  temperature  T  observed  by  the  mercurial  thermometer  ought 
always  to  be  reduced  to  that  given  by  the  air  thermometer,  or  else 
great  mistakes  might  be  committed  at  high  temperatures. 

We  will  give  below  a  table  constructed  by  M.  Regnault  showing 
corresponding  temperatures  of  the  air  and  mercurial  thermometers. 


Temperatares  of 
the  Mercurial 
Thermometer. 

Tonperatares  of  the  Air  Thermometer 

correap<nuling  to  those  of  the  Meroarial 

Thermometer  when  made 

100 
110 

of  CcyaUL 

100-00 
109-95 

of  ordinaiy  Glaaa. 

100-00 
110-02 

120 

119-88 

120-05 

130 

129-80 

130-09 

140 

139-73 

140-15 

160 

149-60 

150-20 

160 

159-49 

160-26 

170 

169-36 

170-32 

180 

179-21 

180-37 

190 

189-01 

190-37 

200 

198-78 

200-30 

210 

208-51 

210-25 

220 

218-23 

220-20 

230 

227-91 

230-15 

240 

237-55 

240-10 

250 

247-13 

249-95 

260 

256-76 

259-80 

270 

266-27 

269-63 

280 

275-77 

269-49 
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M.  Deyille's  Method. — This  method,  whicli  we  cannot  describe  in 
detail,  and  for  which  we  will  refer  to  the  original  account,*  is  only 
that  of  M.  Dnmas  modified.  The  modifications  consist  in  the  nature  of 
the  globe,  which  is  of  porcelain  instead  of  glass,  and  the  neck  of  which 
is  closed  by  means  of  the  oxyhydrogen  blowpipe  at  the  end  of  the 
operation. 

Moreover,  in  this  process,  in  order  to  obtain  regular  temperatures, 
the  globe  is  placed  in  the  vapour  of  a  body  the  boiling  point  of  which 
is  well  known  and  quite  fixed.  M.  Deville  has  chosen  the  vapour  of 
mercury,  which  boils  at  350° ;  of  sulphur,  which  boils  at  440° ;  of  cad- 
mium, which  boils  at  860° ;  and  of  zinc,  which  begins  to  boil  at  1040°. 
The  temperature  need  not  therefore  be  determined  each  time,  and  thus 
great  difficulties  are  avoided. 

AVhen  the  operation  is  conducted  with  mercury  or  sulphur,  glass 
globes  may  be  used ;  but  with  the  vapour  of  cadmium  or  zinc,  porce- 
lain globes  are  indispensable,  because  glass  becomes  exceedingly  soft 
at  860°. 
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For  a  long  time  organic  bodies  were  classed  according  to  their  pro- 
perties. There  were  acids,  bases,  fatty  bodies,  etc. ;  later,  analogies 
were  discovered  between  bodies  apparently  very  dissimilar,  and  a 
classification  into  series  was  adopted.  The  discoveries  of  the  last  ten 
years  have  enabled  this  classification  to  be  systematized,  and  show  how 
the  tetratomicity  of  carbon  may  be  theoretically  deduced. 

Carbon  is  tetratomic,  that  is  to  say,  it  can  combine  at  the  maximum 
with  four  atoms  of  hydrogen.  The  hydrocarbide  (CH*)  is  therefore 
that  which  contains  the  greatest  possible  quantity  of  hydrogen.  Such 
a  hydrocarbide  cannot  unite  directly  with  monatomic  bodies  except  by 
undergoing  with  them  changes  of  substitution.  All  the  hydrocarbides 
possessing  similar  properties  are  said  to  be  saturated.^ 

The  gas  (CH^)  is  not  the  only  saturated  hydrocarbide  possible.  In 
reality  2  3,  4,  ...  n  atoms  of  carbon  can  partly  saturate  each  other, 
and  the  groups  C,  C",  C*,  . .  .  C«,  to  arrive  at  the  maximum  of  satura- 

*  Annales  de  Chimie  et  de  Physique,  vol.  Ivii.  p.  257. 

t  Polyatomic  ladioles  may  be  joined  to  these  hydrocarbides,  but  this  addition  is 
really  only  a  substitution.  For  instance,  a  biatomic  atom  is  substituted  for  a  single 
atom  of  hydrogen  by  one  of  its  centres  of  attraction ;  its  other  centre  of  attraction 
remains  free,  and  unites  with  the  hydrogen  eliminated,  as  shown  in  the  following 
figure,  in  which  0  represents  a  teb^tomic  atom  of  carbon,  O  a  biatomic  atom  of 
oxygen,  and  H  a  monatomic  atom  of  hydrogen : 

0 

nr  i    I    i) 
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tion,  require  a  smaller  number  of  atoms  of  hydrogen  than  would  be 
required  by  the  different  atoms  which  constitute  these  groups,  if  they 
were  separate.  Two  atoms  exchange  at  least  two  atomicities  in  order 
to  unite ;  consequently  the  group  C*  only  requires  6H  to  be  saturated. 
In  the  group  C"  the  atomicities  lost  rise  to  the  number  of  4,  and  the 
group  C"  is  only  octatomic.  In  a  general  way,  n  atoms  of  carbon  lose 
at  the  minimum  on  uniting,  a  certain  number  of  atomicities  which  is 
represented  by  2  less  than  double  the  number  of  atoms,  as  the  follow- 
ing figures,  in  which  the  groups  C*,  C",  C*,  C*  exchange  2, 4,  6,  8  atom- 
icities, show : 


n\ 


C 


r^ 


c« 


\J 


"^ 


v> 


'<J 


r> 


If  the  atoms  of  carbon  did  not  lose  their  capacity  of  combining  when 
they  unite  with  each  other,  these  groups  would  require  a  quantity  of 
hydrogen  equal  to  four  times  the  number  of  these  atoms  to  be  satu- 
rated ;  let  it  be  4».  But  as  they  lose  a  fraction  equal  to  2»  —  2  of  their 
capacity  for  saturation,  the  hydrogen  which  could  saturate  them 
would  be  4«  —  (2n  -  2)  =  4n  —  2n  -f  2  =  2n  -I-  2. 

The  hydrocarbides  CH*,  C*H*,  Cm\  C*ir«,  C*^^^  C«ff*,  C'H", 
C^H",  C«H»  C*°H*2,  etc.,  may  therefore  be  considered  as  saturated ; 
that  is  to  say,  as  containing  the  largest  possible  proportion  of  hydrogen, 
llie  formulae  of  these  hydrocarbides  all  differ  by  the  constant  quantity 
CH»: 

CH*  +  CH«  =  (?W ;  C»H«  -h  CH«  =  C»H»,  et«. 

Besides,  these  hydrocarbides  have  all  the  same  chemical  function. 
Under  the  same  influences  they  all  undergo  the  same  transformations, 
and  regular  differences  are  observed  in  their  physical  properties,  as  a 
constant  difference  is  observed  in  their  composition.  Bodies  which 
have  the  same  chemical  functions,  and  which  thus  constitute  a  series, 
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eacli  term  of  which  differs  from  the  preceding  by  CH*  more,  and  from 
the  following  by  CH*  less,  have  received  the  name  of  homologous 
bodies.     The  series  they  form  is  called  an  homologous  series. 

We  therefore  deduce  in  the  first  place  from  the  tetratomicity  of 
carbon  the  existence  of  an  homologous  series  of  saturated  hydro- 
carbides  the  terms  of  which  correspond  to  the  general  formula  C'H**"^. 

We  know  that  each  satumted  compound  may  successively  lose  1,  2, 
3,  n  molecules  of  the  elements  it  contains,  giving  rise  to  non-saturated 
products. 

Each  of  the  hydrocarbides  of  the  preceding  series  may  consequently 
lose  two  atoms  of  hydrogen,  producing  a  new  hydrocarbide  that  is  less 
hydrogenized  than  its  generator. 

C  H*  would  therefore  give  C  H*  C^  H"  would  give  C^  H" 

C»H«  -  C*H*  C«H"  -  C'H" 

C'H«  -  C^W  CB!^         -  C»ff« 

Q4JJ10  _  Q4JJH      .  Ql0^2i  _  Q10JJ80 

C»H"  -  C»H"         ...  -  ... 

-C*H"  -  (?H^         ...  -  ... 

The  hydrocarbides  CH«,  (?H*,  C»H^  C*H«,  C'E'^  C«ff^  C^H",C»H", 
CH",  C^°H'*,  etc.,  present  a  relation  in  their  composition  similar  to 
that  existing  between  their  generators.  They  are  therefore  homolo- 
gous bodies,  and  their  aggregate  constitutes  a  second  homologous  series, 
the  different  terms  of  which  may  be  expressed  by  the  general  formula 
C-H^ 

The  hydrocarbon  CH*  cannot  lose  hydrogen  without  returning  to 
the  state  of  carbon,  but  the  succeeding  hydrocarbides  may  lose  H*  and 
produce  the  compoimds 

C*H^  C'H*,  C*IL\  C*H^  C«ff^  C^",  G'W\  C'W\  C"ff«, 
which  form  a  third  homologous  series  expressed  by  the  general  formula 

Continuing  to  take  away  hydrogen  from  the  hydrocarbides  of  the 
third  scries,  a  fi^urth  series  would  be  obtained,  and  from  this  a  fifth, 
then  a  sixth,  and  so  on. 

The  aggregate  of  these  series  forms  one  vast  series  which  comprises 
them  all.  This  series  of  a  new  order,  each  term  of  which  is  an  entire 
homologous  series,  has  received  the  name  isologous  series ;  it  is  founded 
on  the  characteristic  that  each  of  the  series  it  contains  has  a  general 
expression  which  differs  from  that  of  the  preceding  homologous  series 
by  H'  less,  and  from  the  following  by  H'  more,  so  that  for  these 
general  expressions  we  have  : 

C"H'"+«,    C-H**,    C-H*-*,    C-H*"-*,     C-H*^,    C-ff-'S 

C"H""  -  ^     C-H**  -  ",  etc. 

Each  term  of  an  homologous  series  has  the  same  relations  towards 
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tbe  oorreBponding  term  of  the  other  bomologoua  series  as  is  shown 
between  the  general  expressions  of  these  series,  that  is  to  say,  they 
differ  between  themselves  by  one  or  more  times  H*  more  or  less. 
Bodies  presenting  these  relations  are  called  isologous. 

So  far  we  have  supposed  that  eaoh  homologous  series  is  simple,  that 
is  to  say,  that  each  of  the  preceding  formulas  applies  to  a  single  hydro- 
carbide.     Nevertheless,  facts  show  that  this  is  not  the  case. 

In  the  preceding  explanations  it  has  been  shown  how  a  number  of 
other  non-saturated  hydrocarbides  correspond  to  each  saturated  hydro- 
carbide  answering  to  the  formula  C"H*'  +  ',  and  these  non-saturated 
hydrocarbides  ought,  according  to  their  relations  with  the  first,  to  act 
as  bi,  tri,  tetra,  ....  hoxatomio  radicles. 

Let  us  consider  the  saturated  series  C"H*'  +  *  and  the  next  to  it 
the  series  C*H^,  and  for  simplicity  let  us  in  these  series  take  two 
hydrocarbides  containing  the  same  quantity  of  carbon,  such  as  the 
compounds  (C»H«)  and  (C'H«)w 

It  is  clear  that  (C'H*)  has  a  constitution  analogous  to  (CH*),  with  the 
slight  difference  that  two  of  the  atoms  of  hydrogen  are  absent,  and 
consequently  leave  two  centres  of  attraction  vacant.  The  following 
figures  show  these  relations  : 

C  JL  C 


CI 


! 1_1)  ®   (D  CI      i      i     n    __    p8TT« 

®   ®   CD  C I      i      i — D  CD   CD   CI)     -    ^  ^ 

c         ^ 

Ci      i_! O®   0CLlJ-_LJL)    _    nsrre 

.     •    ®  ( I     I     <     1)  ®  CD  ®     -   yy  n 

Pan       C 

The  letters  C  indicate  the  atoms  of  carbon,  H  the  hydrogen,  and  the 
Greek  letters  a  and  p  the  free  centres  of  attraction  in  the  hydrocarbide 
(CH*).  But  it  would  be  equally  possible  that  the  three  atoms  of 
c€a:bon  which  enter  into  the  constitution  of  the  compound  (CH*)  should 
in  the  above  graphic  representation  overlap  one  another  more  and 
should  lose  more  than  four  atomicities,  this  figure  four  only  expressing 
the  minimum  quantity  they  could  lose.  For  instance,  it  will  readily 
be  understood  that  the  body  (C'H*)  might  have  the  following  form : 


in  which  no  fi-ee  centre  of  attraction  would  be  found. 

Thus  theory  indicates  that  there  may  be  two  isomeric  hydrocarbides 
corresponding  to  the  formula  (C'H«),  one  of  which  is  saturated,  and  the 
other  derived  from  the  hydrocarbide  ((7H')  acting  asabiatomic  radicle. 
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The  i*easoning  which  we  have  applied  to  the  body  (CH*)  being 
equally  applicable  to  all  its  homologiies,  we  may  say  that  while 
each  term  is  simple,  considered  with  regard  to  saturation,  in  the 
Q» j];2»  +  2  gQi-iog^  it  is  possible  that  each  term  may  be  double  in  the 
C*H*'  series. 

If  the  same  reasoning  were  applied  to  the  C"H*^*  series,  it  would  be 
found  that  three  isomers  are  possible  for  each  term  ;  one  derived  from 
the  corresponding  term  of  the  first  series  by  eliminating  H^  and  which 
acts  as  a  tetratomic  radicle  ;  the  second  acting  as  a  biatomio  radicle, 
derived  from  the  corresponding  saturated  term  of  the  second  series ; 
and  the  third  saturated. 

For  the  fourth  series,  four  isomers  of  each  term  will  similarly  be 
found  ;  for  the  fifth,  five;  and  generally  for  any  series  whatever,  a 
number  of  isomers  equal  to  the  number  which  represents  the  number 
of  the  order  of  the  series,  will  be  found. 

The  general  view  of  the  hydrocarbides  classed  in  series  then 
assumes  the  form  represented  in  the  table.  In  this  table  the  atomicity 
of  radicles  is  indicated  by  dashes  or  Roman  figures,  and  the  sign  o  in- 
dicates saturation. 

The  isomers  which  arise  from  differences  of  saturation,  and  which 
are  indicated  in  this  table,  are  very  far  from  being  the  only  ones 
possible;  each  hydrocarbide,  whether  saturated  or  not,  may  have 
isomers  of  the  same  degree  of  saturation  as  itself,  and  in  greater  number 
in  proportion  as  it  contains  more  carbon.  These  isomers  are  owing  to 
the  atoms  of  carbon  being  capable  of  being  grouped  in  different  ways, 
in  order  to  exchange  a  certain  number  of  atomicities  among  themselves. 

If  we  take  the  hydrocarbides  (CH*),  (C*H«),  and  (C'H«),  we  shaU 
see  that  they  cannot  have  isomers.  The  first  contains  a  single  atom  of 
carbon,  and  the  other  two  contain  too  few  for  different  groupings  to 
be  produced.  Between  two  atoms  of  carbon,  which  only  exchange  one 
atomicity,  it  is  evident  that  there  can  only  be  the  grouping 


When  the  atoms  of  carbon  are  increased  in  number  to  three,  they 
may  be  imagined  as  united  in  the  following  manner : 

C  i  0 


■rrnoD  (d  a  _i i_lj 

T)  (D    rjD    (T; 


in  which  one  of  the  three  atoms  loses  two  atomicities,  and  the  two 
others  one  each,  unless  they  overlap  each  other  more  and  give  a  hy- 
drocarbide less  hydrogenized  than  (C'H'). 

2  B  2 


372 


PRINCIPLES  OF  CHEMISTRY. 


But  if  the  hydrooarbide  (C'H"*)  be  considered,  it  will  be  found  that 
it  can  have  two  isomers.  In  reality  the  condition  under  which  this 
hydrooarbide  exists  is  that  the  four  atoms  of  carbon  lose  a  total  of  six 
atomicities.     This  condition  may  be  fulfilled  in  two  different  ways : 

c       Jl       c       _S1 

(unzirrD  ®  (D  ei— 1— Tzro  ®  ®  ® 

Fig.  a. 


C^C^C 

Fig.  0. 


Either,  as  in  the  figure  a,  the  four  atoms  form  a  chain  in  which  the 
two  middle  atoms  each  lose  two  atomicities,  while  those  at  the 
extremities  only  lose  one. 

Or,  as  in  figure  )9,  one  atom  of  carbon  exchanges  three  atomicities 
with  three  other  atoms  of  the  same  body  which  only  themselves  ex- 
change one  each,  thence  the  two  isomeric  hydrocarbides  C^H^'  and 

C  \^" 

I    H 

For  analogous  reasons,  it  will  be  found  that  three  isomers  are  pos- 
sible for  the  hydrooarbide  (C*II"),  four  for  the  hydrooarbide  (C^**), 
and  so  on. 

Thus,  starting  from  the  atomicity  of  carbon,  we  may  deduce  what 
are  the  hydrocarbides  which  exist,  or  at  least  which  may  be  admitted 
theoretically,  and  all  these  hydrocarbides  may  be  classed  in  homologous 
series,  united  among  themselves,  and  forming  one  vast  isologous  series 
which  includes  them  all. 

If  we  now  examine  what  ought  to  be  the  properties  of  the  saturated 
hydrocarbides  of  the  different  series,  we  shall  be  convinced  that  by 
losing  1 ,  2,  3,  .  •  .  n  atoms  of  hydrogen,  these  compounds  might  pro- 
duce mono,  bi,  tri  .  .  .  n  atomic  radicles.  Among  these  radicles, 
those  of  uneven  atomicity  are  merely  the  non-saturated  hydrocarbides 
indicated  in  the  table.  The  radicles  of  even  atomicity  do  not  appear 
there  because  they  cannot  exist  in  a  free  state. 

I  will  suppose  that  the  monatomic  radicle  C'H'^  the  biatomic  radicle 
C'H",  the  triatomio  radicle  C"H",  the  tetratomio  radicle  C^",  etc., 
correspond  to  the  saturated  hydrooarbide  C®IF^ 
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Experience  has  shown  that  1  atom  of  oxygen  may  be  substituted  for 
2  atoms  of  hydrogen  in  all  monatomic  radicles ;  that  1  atom  of  oxygen 
may  be  substituted  for  2  atoms  of  hydrogen,  or  2  atoms  of  oxygen 
for  4  atoms  of  hydrogen,  in  all  biatomic  radicles;  that  1,  2,  or  3  atoms 
of  oxygen  may  be  substituted  for  2,  4,  or  6  atoms  of  hydrogen  in  all 
triatomic  radicles;  in  a  word,  that  in  any  hydrocarbon  whatever 
0  may  be  substituted  for  'H}  any  number  of  times  equal  to  the  number 
representing  the  atomicity  of  the  radicle. 

These  substitutions  do  not  alter  the  atomicity  of  the  radicle  at  all, 
this  remains  as  it  was  before.  Only,  the  radicle  becomes  more  and 
more  electro-negative  as  the  oxygen  more  completely  replaces  the 
hydrogen.  The  same  saturated  hydrocarbide  may  therefore  give  rise 
to  a  great  number  of  radicles  either  oxygenated  or  not. 

For  instance,  the  following  radicles  would  correspond  to  the  hydro- 
carbide  C'H" : 

(?TV7'  C^*«"         CW^"         C^H'*^  C^H**^  C^H"'' 

C«H"'0       CW*0"       C«H»»0'"      C^"0"  C*H"0^  C»H»«0"» 

(JWHy^'      C^H"0«'"     C^H»°0"^  C«H»0*^  C*H«0'^' 

C«H»0»'"      G^WO'"^  CffO''^'  C«H«0»" 

Q8H6Q4,v  c«H*0*^  C«HH>" 

Each  of  these  radicles  may  give  rise  to  a  number  of  compounds  which 
will  be  grouped  round  it  as  a  centre. 

Such  an  assemblage  of  compounds  has  been  called  a  gi'oup,  and  the 
radicle  round  which  they  are  arranged  is  called  the  pivot  of  the 
group. 

The  different  central  or  pivot  radicles  of  groups  naturally  belong  to 
the  hydrocarbide  from  which  they  are  derived,  and  which  is  called 
their  fundamental  hydrocarbide. 

The  aggregate  of  all  the  groups  which  collect  round  a  fundamental 
hydrocarbide  forms  what  is  called  a  heterologous  series. 

Satui-ated  hydrocarbides  are  not  the  only  ones  that  are  capable  of 
forming  heterologous  series.  Any  non-saturated  hydrocarbide  what- 
ever can,  in  certain  conditions,  act  as  if  it  were  saturated,  the  only 
difference  being  in  the  properties  of  the  compounds  formed,  which 
are  always  of  the  same  degree  of  saturation  as  the  hydrocarbide  whence 
they  are  derived. 

The  result  is  that,  to  each  term  of  the  first  homologous  series,  there 
should  correspond,  according  to  the  principle  of  saturation,  a  single 
heterologous  series,  two  to  each  term  of  the  second,  three  to  the  third, 

and  so  on. 

The  aggregates  of  different  heterologous  series,  the  terms  of  which 
are  isomeric,  each  with  each,  and  which  only  differ  in  their  degree 
of  saturation,  constitute  series  of  a  new  order,  which  as  yet  have 
received  no  name,  l)ecause  no  one  but  myself  has  indicated  their  possi- 
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bility.     They  may  be  called  eikologons  series,  from  the  Greek  word 
€iic(i>s,  fvmiUiT. 

Thus  around  each  rsidicle  there  ranges  a  grou^  of  which  it  is  the 
pivot,  llie  different  groups  united  round  the  same  fundamental  hy- 
drocarbide  constitute  a  heterologous  series.  The  different  heterologous 
series  derived  from  isomeric  fundamental  hydrocarbides  form  an 
eikologous  series.  The  different  eikologous  series,  all  the  terms  of  which 
are  homologous  among  themselves,  form  a  homologous  series.  Finally, 
the  whole  of  the  homologous  series  form  the  great  isologous  series 
which  comprises  all  bodies  in  organic  chemistry. 

I  say  that  the  preceding  series  contain  all  the  bodies  in  organic 
chemistry,  though  the  place  certain  compounds  ought  to  occupy  is 
still  unknown.  This  ignorance  is  not  owing  to  the  fact  that  these 
compounds  have  not  their  places  in  these  series,  but  that  they  have  as 
yet  been  too  little  studied  for  their  places  to  be  known. 

All  the  bodies  whose  serial  classification  may  be  imagined  are  far 
from  being  known.  Only  three  homologous  series  have  been  much 
studied:  that  in  which  hydrocarbides  have  the  general  formula 
C'H"""*"',  that  in  which  they  have  the  formula  C"H*",  and  that  in  which 
their  formula  is  C'H**"'.  In  all  the  other  series  only  a  few  teims  here 
and  there  are  known ;  the  others  remain  to  be  discovered.  Moreover, 
the  classification  allows  us  to  foresee  an  immense  number  of  isomers  of 
which  very  few  are  as  yet  known,  and  which  can  only  be  discovered 
after  new  and  numerous  experiments. 

We  are  far,  however,  from  affirming  that  all  the  bodies  indicated  are 
reaUy  possible.  In  the  deductions  which  have  served  to  establj^h 
their  formulee,  we  have  not  taken  into  account  the  laws  according  to 
which  the  stability  of  bodies  decreases  as  the  molecule  becomes  com- 
plicated, which  laws  would  greatly  limit  the  number  of  compounds 
that  can  be  realised.  These  laws  are  not  known  as  yet,  and  will  only 
be  so  when  numerous  discoveries  shall  have  rendered  the  series  more 
complete  than  they  are  at  present.  The  actual  classification  is  there- 
fore only  a  large  table  which  includes  formulee,  deduced  algebraically, 
of  all  organic  compounds  whether  possible  or  not  The  knowledge  of 
the  laws  which  regulate  the  stability  of  bodies  will  alone  complete  this 
classification  by  assigning  to  it  its  true  limits. 

It  is  evident  that,  starting  from  the  atomicity  of  any  body,  the  series 
of  all  its  compounds  which  are  theoretically  possible  may  be  algebrai- 
cally deduced ;  and  later,  the  series  of  its  compounds  that  are  really 
possible,  when  the  laws  governing  the  stability  of  bodies  shall  be 
known. 

I^he  elements  being  classed  in  series  according  to  their  atomicity  on 
one  side,  and  according  to  their  electric  polarity  on  the  other,  the 
whole  of  chemistry  will  constitute  an  immense  series. 

Finally,  in  all  these  series  the  physical  and  chemical  properties 
being  modified  according  to  laws  which  may  be  discovered,  we  can 
foresee  a  state  of  chemistry  in  which,  without  studying  the  properties 
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of  different  bodies  in  detail,  and  knowing  only  the  number,  atomicity, 
and  electric  polarity  of  the  elements,  it  will  be  possible  to  determine 
by  simple  calculation  the  formulae,  properties,  and  mode  of  genera- 
tion of  all  compounds  possible  We  need  not  point  out  how  important 
might  be  the  results  indicated  in  this  conception. 


HYDROCABBIDES. 

Hydrocarbldes  correBpondlng  to  the  Formula  OH**  +  *.  —  This 
series  only  contains,  and  can  only  contain,  saturated  hydrocarbldes. 

Natural  State,  Preparation.  Ist. — ^Many  hydrocarbldes  of  this 
series  are  found  native.  The  gas  (CH*)  is  disengaged  in  marshes,  and 
Messrs.  Cahours  and  Pelouze  have  extracted  from  the  petroleums  of 
America,  by  means  of  fractional  distillation,  the  compounds 

C4H10  c»H«,  C«H",  CTl",  C«H",  C'H»,  (?°H»  (?'W*,  C?*H^  C"H« ' 
'  C"H«»,  C"H»,  and  C"H»*. 

Moreover,  according  to  these  chemists,  it  cannot  be  doubted  that  the 
parts  of  petroleum  which  boil  at  a  higher  temperature  than  the  com- 
pound (C^H**)  also  contain  other  hydrocarbides  which  are  homologues 
of  the  preceding  ones. 

2nd.  These  hydrocarbides  are  formed  when  acids  answering  either 
to  the  "formula  (C-+'H^+'0»)  or  to  (C-+*H*'+^*)  are  submitted  to  in- 
fluences which  cause  them  to  lose  carbonic  anhydride : 

(C-+'H*»+W)  =  (CO*)  +  (C«H»'+*) 

Carbonic 
aobydride. 

(C"+«H*'+*0*)  =  2(C0«)  +  (C-H*'+*) 

Carbonic 
anhydride. 

Generally,  these  acids  are  heated  with  an  excess  of  alkali :  it  is,  how- 
ever, important  to  remark  that  at  the  temperature  at  which  it  is 
necessary  to  operate,  the  carbonic  anhydride  exercises  an  oxidizing 
action  on  the  hydrocarbides  formed.  Instead  of  the  saturated  bodies  of 
which  we  spoke,  products  are  generally  obtained  less  hydrogenized  in 
consequence  of  this  secondary  reaction.  Nevertheless,  marsh  gas  can 
be  readily  prepared  by  this  process  by  means  of  acetic  acid,  and  the 
hydrides  of  hexyl  and  octyl  by  means  of  suberic  and  sebacic  acid : 

(C«H»KO»)       +       (KHO)       =       (CK'O^      +      (CH*) 

Aoctoteof  Potash.  Carbonate  of  Marsh  gas. 

potaaaium.  potassium. 

(C'H^KK)*)       -h     2(KH0)       =     2(CK»0»)       -h       (C«H») 


Soberaie  of 
potaaaiom. 


Potash.  Carbonate  of  Hydride  of 

potassium.  hcxyl. 
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(C»«ff«K«0*)      +     2(KH0)      =     2(CKK)»)       +       (C«H") 

Sebateof  Pateah.  Oirboiiateor  Hyvlrideof 

potaMinm.  potassiimi.  .octjrL 

8rd.  The  same  hydrocarbides  are  obtained  by  submitting  to  the 
simtdtaneons  action  of  zinc  and  water  compounds  derived  fix>m  the  cor- 
responding alcohols,  and  which  represent  the  hydrocarbide  sought  for, 
in  which  an  atom  of  hydrc^en  is  replaced  by  iodine.  This  operation 
ought  to  take  place  in  hermetically-sealed  tubes,  and  requires  a  tempe- 
i-ature  of  about  200°. 

2(C^«I)  +  2Zn  +  2(HK))   =  @"}  0«)  +  (^p"|)  +  2(C»H0 

Iodide  of  Zfnc.  Water.  Hydrate  of  Iodide  Hydride 

etbyL  zinc.  ofsioc.  ofethyL 

Instead  of  heating  the  iodides  of  the  hydrocarbon  radicles  water 
and  zinc  together,  a  combination  of  these  radicles  with  zinc  (organo- 
metallic  componnds)  may  be  first  prepared,  and  this  combination  de- 
composed by  water. 


ZincethyL  Water.  Hydrate  of  Hydride  of 

zinc.  ethyL 

4th.  These  hydrocarbons  may  also  be  prepared  by  means  of  others 
containing  two  atoms  of  hydrogen  less  than  they,  and  many  of  which 
have  been  obtained  by  direct  synthesis  by  means  of  their  elements. 

In  order  to  obtain  the  carbides  of  hydrogen  (C*H*"+*)  by  means  of  the 
carbides  (C'H**),  these  latter  are  combined  with  bromine.  The  com- 
pound formed  (C*H**Br*)  being  heated  to  275°  with  a  mixture  of 
iodide  of  potassium,  copper,  and  water,  decomposes.  The  hydrocarbide 
(C"!!**)  is  partly  reconstituted  and  partly  transformed  into  the  hydro- 
carbide (0"^^+*). 

5th.  One  of  these  hydrocarbides,  marsh  gas  (CH*),  has  been  obtained 
synthetically  by  the  simultaneous  action  of  sulphide  of  carbon  and 
hydrosulphuric  acid  on  copper  heated  to  redness.  In  this  case  carbon 
and  hydrogen  are  set  free,  and  unite  in  the  nascent  state. 

6th.  Many  of  these  hydrocarbides  have  been  obtained  by  the  action 
of  red  heat  on  butyrates  and  acetates. 

7th.  These  bodies  are  formed  during  the  dry  distillation  of  Ix^head 
coal,  cannel  coal,  and  fatty  substances. 

8th.  By  distilling  amylic  alcohol  with  chloride  of  zinc,  M.  Wurtz 
has  obtained  the  hydride  of  amyl  (C*H")  and  several  of  its  homologues. 
Hydrocarbides  belonging  to  the  (C"H**;  series  form  at  the  same  time 
in  this  reaction,  as  well  as  other  hydrocarbides  still  less  hydrogenized 
and  as  yet  imperfectly  studied. 

9th.  M.  Schiitzenberger  has  recently  discovered  that  the  hydro- 
carbide (C*H*)  (methyl  or  hydride  of  ethyl)  is  produced,  mixed  with 
carbonic  anhydride,  when  hot  acetic  acid  is  made  to  act  on  the  binoxide 
of  barium. 
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Aoetie  anhydride.  Binoxide  Aoetat«  of  barium.  Ckrbonlc 

of  barium.  anhydride. 

Pbopebtibb. — iBt.  All  these  carbides  of  hydrogen  are  saturated, 
which  signifies  that  none  of  them  can  unite  either  with  chlorine, 
bromine,  or  monatomic  radicles  in  general. 

2nd.  Submitted  to  the  influence  of  bromine  or  chlorine,  these  hydro- 
carbides  can  exchange  their  hydrogen  for  these  metalloids.  Those  of 
the  compounds  thus  formed  which  contain  a  single  atom  of  chlorine 
or  bromine,  are  capable  of  exchanging  this  atom  for  the  residue  (OH), 
and  an  alcohol  is  then  produced.  When  speaking  of  alcohols  we  shall 
see  how  this  substitution  is  effected. 

3rd.  Trichlorinated  products  appear  to  decompose  and  form  a  mono- 
basic acid  answering  to  the  formula  (0"H'"0')  under  the  influence  of  an 
alcoholic  solution  of  potash.  At  least  it  has  been  proved  that  in  these 
conditions  trichlorinated  marsh  gas  (chloroform)  (CHCl*)  is  trans- 
formed into  formic  acid,  and  trichlorinated  hydride  of  ethyl  into  acetic 
acid. 

Trichlorinated  Potash.  Chloride  of  Potaoric  salt, 

hydrocarbfde.  potassium. 


+ 


2^H«0) 

Water. 


4tlL  Nitric  acid  attacks  the  higher  terms  of  this  series,  producing 
derivatives  in  which  the  hydrogen  of  the  hydrocarbide  is  partially 
replaced  by  the  group  (NO*).  Thus,  with  the  hydride  of  capryl 
(0*H«)  the  compound  [C^H'^NO*)]  is  obtained.  The  lower  terms  of 
the  series  do  not  undergo  any  alteration  by  nitric  acid.  But  deriva- 
tives of  these  bodies  in  which  the  hydrogen  is  replaced  by  the  radicle 
(NO*)  have  been  obtained  indirectly.  These  compounds  are  called 
nitrous  derivatives,  and  the  substitution  which  gives  rise  to  them  is 
called  nitrous  substitution. 

Starting  from  the  hydrocarbide  (C^H")  which  can  have  two  isomers, 
all  the  terms  of  this  series  may  have  some  alno,  and  the  number  of 
these  isomers  possible  increases  by  one  for  each  atom  of  carbon  added 
to  (C*ff").  Thus  (C*H")  might  have  three  isomers,  (C^ff^  fo«^' 
((7H")  five,  etc.,  all  these  isomers  being  equally  saturated. 

Nomenclature. — Several  systems  of  nomenclature  have  been  pro- 
posed for  those  hydrocarbides  actually  known :  they  were  first  sup- 
posed to  be  constituted  by  the  union  of  a  monatomic  radicle  with 
hydrogen,  and  they  were  called  hydrides  of  these  radicles. 

Thus  marsh  gas  (CH*)  has  received  the  foimula  (CIPH),  and  has 
been  designated  hydride  of  methyl ;  the  gas  (C*H«)  has  received  the 
formula  (C*H*H),  and  been  named  hydride  of  ethyl,  etc. 
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Later,  M.  Berthelot  proposed  to  take  tbeir  names  from  the  mono- 
basic acids  which  are  derived  from  them.  Marsh  gas  has  thns  become 
formene  ;  hydride  of  ethyl,  CLcetene^  and  so  on. 

Finally,  Messrs.  Cahours  and  Felouze,  applying  to  these  bodies  a 
nomenclature  analogons  to  that  Gerhardt  adopted  for  the  hydrocar- 
buretted  monatomic  radicles  derived  from  them,  have  proposed  to 
deduce  their  names  from  the  number  of  atoms  of  carbon  lliey  contain. 
Marsh  gas  thns  becomes  protylene,  hydride  of  ethyl  deutyleney  etc. 

We  give  below  the  formnlsa  of  those  of  these  hydrocarbides  that 
are  known,  with  the  names  corresponding  to  them  in  these  three 
nomenclatures,  the  last  of  which  seems  to  us  the  most  preferable. 


Oerhardtli  oames. 

Berthelot'B 
names. 

OftboaTBand 
Pelouse'tf  names. 

(CH*: 

1     Hydride  of  methyl  . 

.     formene    . 

protylene. 

(c  H' ; 

)     Hydride  of  ethyl     . 

.     acetene     . 

deutylene. 

(C  H« . 

)     Hydride  of  propyl  . 

.     propionene     . 

tritylene. 

(O  H"- 

)     Hydride  of  butyl     . 

.     butyrene  . 

tetiylene. 

(C»  H"" 

)     Hydride  of  amyl     . 

.     valerene    . 

pentylene. 

(C  H" 

)     Hydride  of  hexyl    . 

.     caproene  . 

hexylene. 

((yw*) 

1     Hydride  of  heptyl    . 

.     oenanthylene . 

heptylene. 

(C  H"] 

1    Hydride  of  octyl 

.     caprylene 

octylene. 

(CH*^ 

\    Hydride  of  nonyl     . 

.     pelargonene   . 

nonylene. 

(CH"; 

)    Hydride  of  decyl     . 

. 

decylene. 

(C»H"' 

)     Hydride  of  undecyl 

rutene 

undecylene. 

(C'TT'^ 

1     Hydride  of  bidecyl .      . 

.     laurene     . 

bidecylene. 

(C'*H"; 

1    Hydride  of  tridecyl 

.     cocinene   . 

triJecylene. 

(C"H»; 

1     Hydride  of  tetradecyl   , 

.     myrj'stene 

tetradecylene. 

(C"H^ 

1     Hydride  of  pentadecyl 

.     benene 

pentadecylene. 

(C"H*] 

\    Hydride  of  hexadecyl 

.     palmitene 

hexadecylene. 

It  must  be  remarked  that  the  words  hexylene,  heptylene,  octylene, 
nonylene — which  are  proposed  by  Messrs  Cahours  and  Felouze  to 
designate  the  bodies  (C'H»*),(C'H'«),(C*H"),(C'H")-are  used  by  the 
greater  number  of  chemists  to  designate  the  hydrocarbides : 

(C*H"),(C^"),(CTI"),CC»H"). 

To  avoid  this  confusion,  though  we  consider  the  names  used  by 
Messrs.  Cahours  and  Felouze  as  excellent  in  themselves,  we  will  use 
the  names  found  in  the  first  column. 


Study  of  the  most  important  Hydrocarbides  (C"H**+*). 

Marflh  Gkusi  (CH^). — This  is  produced  naturally  in  marshes  by  the 
putrefEkction  of  organic  matters.  On  stirring  stagnant  waters,  bubbles 
are  seen  to  rise,  which  are  a  mixture  of  this  gas,  nitrogen,  carbonic 
anhydride,  and  sometimes  hydrosulphuric  acid. 
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Marsh  gas  is  found  also  unhappily  in  coal-mines,  where  it  mixes 
with  the  air  and  forms  an  explosive  gas  known  as  fire-damp.  The 
explosion  takes  places  when  the  miners  approach  the  inflammable 
gas  with  a  lighted  lamp.  To  avoid  this  accident,  Davy  surrounded  the 
miner's  lamp  with  a  cylinder  of  fine  wire  gauze,  which  cools  the  flame, 
so  that  it  is  confined  to  the  interior  of  the  cylinder  and  cannot  extend 
to  the  outside.  As  the  internal  explosion  extinguishes  these  lamps, 
several  platinum  wires  are  fixed  on  the  wick.  These  wires  remain 
incandescent  all  the  time  the  miner  is  in  the  inflammable  atmosphere, 
and  give  sufficient  light  to  direct  his  course.  As  Davy's  lamp  gives 
less  light  than  the  ordinary  ones,  owing  to  ihe  cylinder  of  metallic 
gauze,  tin  reflectors  are  placed  behind  the  flame.  Fire-damp  does  not 
generally  contain  either  defiant  gas  (C*H'*)  or  oxide  of  carbon. 

Marsh  gas  also  arises  from  the  earth  in  many  localities.  Gas  springs 
are  known  which  have  burned  from  time  immemorial.  Mud  volcanoes, 
which  are  found  in  many  places,  are  a  species  of  muddy  eiiiption  caused 
by  this  gas. 

Marsh  gas  is  produced  at  the  same  time  as  other  carbides  of  hydrogen 
when  oiganic  substances  of  a  very  simple  constitution  are  heated  to 
redness.  M.  Berthelot  has  obtained  it  by  transmitting  the  vapours  of 
formic  acid  (CH*0*)  through  a  red-hot  porcelain  tube. 

M.  Dumas  has  made  known  a  process  by  which  this  gas  can  be 
obtained  in  an  almost  pure  state,  and  which  consists  in  heating  in  a 
retort  a  mixture  of  two  parts  of  crystallized  acetate  of  sodium,  two 
parts  of  hydrate  of  potassium,  and  three  parts  of  powdered  quicklime. 
The  lime  is  to  moderate  the  action  of  the  potash  on  the  glass  of  the 
retort,  which  it  would  otherwise  break.  The  reaction  is  the  following 
(see  2nd  general  process). 

(C*H'NaO«)       +       (KHO)       =       (CNaKO*)       -f-       (CH*) 

Acetate  of  Bodium.  Potai>h.  Carbonate  of  Marsh  gaa. 

potasdum  and  sodium. 

M.  Dumas'  process  is  really  an  analytical  one ;  but  it  has  become  syn- 
thetic since  M.  Kolbe  has  obtained  the  trichloracetic  acid  by  means  of 
its  elements,  and  M.  Melsens,  acetic  acid  by  means  of  trichloracetic  acid. 

M.  Melsens  has  also  succeeded  in  preparing  marsh  gas  by  submitting 
tetrachloride  of  carbon  (CCl*),  which  M.  Kolbe  obtains  synthetically,  to 
the  action  of  nascent  hydrogen,  developed  by  means  of  water  and  the 
amalgam  of  sodium. 

(0C1-)     +      4(H))     -      4(S})    +    (CH.) 

Percbloride  Hydrogen.  Hydrochloric  Marsh  gas. 

of  carbon.  acid. 

M.  Berthelot  obtained  this  gas  by  transmitting  a  mixture  of  hydro- 
sulphuric  acid  and  vapour  of  sulphide  of  carbon  over  i*ed-hot  copper. 
The  copper  seizes  the  sulphur,  while  the  carbon  and  hydrogen  in  a 
nascent  state  react  on  each  other  and  combine.     This  reaction  iii  very 
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Instead  of  causing  water  and  zinc  to  act  simnltaneonslj  on  the  iodide 
of  amyl,  zino-amyl  (Zn"CC*H")*)  may  be  decomposed  by  water. 


Zinc-ainyl. 


Water. 


Hydrate  of  xina 


Hydride  of 
amyL 


Hydride  of  amyl  is  also  foimed  at  the  same  time  as  amylene  when 
amylic  alcohol  is  decomposed  by  chloride  of  zinc.  As  the  dehydration 
of  amylic  alcohol  ought  only  to  give  amylene  or  homolognes  higher 
than  this  body,  the  production  of  the  hydride  of  amyl  is  necessarily 
accompanied  by  that  of  hydrocarbides  that  are  less  hydrogenized  than 
amylene  (Wurtz).  In  order  to  obtain  the  hydride  of  amyl  in  a  pure 
state,  the  product  which  passes  between  30°  and  40°  is  collected, 
treated  with  bromine,  which  seizes  the  amylene,  and  again  distilled. 
ITie  hydride  of  amyl,  which  boils  at  30",  is  then  easily  separated  from 
the  bromide  of  amylene,  which  boils  at  90°. 

Hydride  of  amyl  is  found  ready  formed  in  the  petroleums  of 
America. 

It  is  a  colourless  and  transparent  liquid,  very  volatile,  and  has  an 
agreeable  ethereal  odour;  its  density  is  0*6385  at  14° '2,  which  makes 
it  the  lightest  of  all  known  liquids.  It  boils  at  30°,  and  remains  liquid 
at  —  24° ;  its  vapour  density  has  been  found  to  be  2*382. 

Hydride  of  amyl  cannot  be  mixed  with  water,  but  it  mixes  in  all 
proportions  with  alcohol  and  ether. 

It  bums  with  a  very  bright  but  sooty  flame,  but  its  vapour  bums 
without  smoke. 

Concentrated  sulphuric  acid  has  no  action  on  this  body,  neither  has 
fuming  nitric  acid,  nor  a  mixture  of  nitric  and  sulphuric  acids. 

When  chlorine  is  substituted  for  the  hydrogen  of  the  hydride  of 
amyl,  the  monochlorinated  derivative  appears  to  be  identical  with  the 
chloride  of  amyl ;  at  least  it  famishes  amylic  alcohol  when  submitted 
to  the  action  of  acetate  of  silver,  and  the  product  of  this  reaction  is 
saponified  by  alkalies. 

The  oxychloride  of  carbon,  in  acting  on  the  vapour  of  hydride  of 
amyl,  gives  rise  to  a  double  decomposition,  the  products  of  which  are 
hydrochloric  acid  and  chloride  of  caproyl. 


(C0"C1.)    =    (H)) 


Hydride  of  amyL 


Chloride  of 
carbonyl. 


Hydrochloric 
add. 


rH» 
H« 

H* 

L(coci)r 

Chloride  of  capro^. 


Hydrocarbides  corresponding  to  the  Formula   (C"H*"). — Theory 
leads  us  to  expect  two  isomeric  carburetted  hydrogens  for  each  term  of 
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this  series,  one  saturated  and  the  other  acting  as  a  biatomic  radicle. 
When  one  of  these  hjdrocarbides,  either  saturated  or  not,  can  have 
isomers  of  the  same  degree  of  saturation  as  itself,  the  number  of  these 
possible  isomers  is  the  same  as  the  number  of  possible  isomers  of  the 
hydrocarbide  of  the  series  (C"H""+*)  which  contains  the  same  quantity 
of  carbon. 

The  constitution  of  the  hydrocarbides  that  are  actually  known  in 
this  series  is  explained  by  admitting  that  it  is  the  same  as  in  the  pre- 
ceding series,  with  the  slight  difference  that  the  chain  they  form  is 
closed  as  shown  in  the  following  figure : 

H 

CT    I     i     1)®^    ^ 

H 

It  might  as  easily  be  admitted  that  the  chain  is  open,  and  that  these  N 

hydrocarbides  are  not  saturated,  but  it  is  impossible  to  decide  this 
question.  The  following  figure  will  show  their  constitution  according 
to  this  latter  hypothesis : 

c        ^ 
-  ®  ®azxzciD 

Preparation. — 1st.  These  hydrocarbides  may  be  prepared  by  the 
reaction  of  bodies  which  readily  absorb  moisture  on  alcohols  differing 
from  them  by  the  elements  of  a  molecule  of  water  : 

(C*H«0)     =     (WO)    +    (cm*) 

Alcohol.  Water.  Ethjlene. 

Concentrated  sulphuric  acid  or  chloride  of  zinc  is  generally  used  for 
this  process.  M.  Wurtz  has  stated  that  when  amylic  alcohol  (C'H^^) 
is  treated  with  chloride  of  zinc,  there  is  formed,  besides  amylene 
(C*H'*)  which  corresponds  to  it,  a  great  number  of  homologues  higher 
in  the  series  than  this  body.  We  have  seen  that  hydride  of  amyl 
(C^H^*)  and  its  homologues  are  also  obtained  in  this  reaction  at  the 
same  time  as  hydrocarbides  which  are  less  hydrogenized  than  those 
answering  to  the  formula  (OH**).  These  are  not  known  in  detail.  It 
is  singular  that  this  phenomenon  is  not  obserred  more  with  the 
oaprylic  alcohol  (CTBPO),  which,  though  more  complicated  than  amylic 
alcohol,  decomposes  much  more  regularly  than  this  latter,  giving  water 
and  octylene  (C»ff«). 

2nd.  These  hydrocarbides  are  also  formed  when  acetates  and  buty- 
rates  are  heated  to  redness.     They  are  isolated  from  the  products  with 
which  they  are  mixed  by  combining  them  with  bromine,  and  are  then       / 
separated  from  their  bromides  by  heating  these  to  275°  with  copper,      j 

I 
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water,  and  iodide  of  potassium.  M.  Berthelot,  to  whom  we  owe  the 
knowledge  of  this  reaction,  has  thus  obtained  ethylene  (C'H^),  propj- 
-•  lene  (C"H«),  butylene  (C*H«),  and  amylene  (C*H"). 

3id.  These  componnds  are  also  formed  by  the  action  of  a  mixture  of 
sulphide  of  carbon  in  vapour  and  sulphuretted  hydrogen  on  red-hot 
copper. 

4tlL  One  of  these  hydrocarbides,  amylene,  may  be  produced  by 
causing  zinc-ethyl  to  react  on  the  iodide  of  allyl : 


Iodide  of  allyl.  Zinc-etbyl.'  Iodide  of  Amylene. 

zinc. 

■  or  the  iodide  of  ethyl  on  the  iodide  of  allyl  in  presence  of  sodium : 

:  ■       n'D  +  (Tl)  *  £}  -  ^C?})  +  («-H.) 

^  Iodide  of  Iodide  of  Sodtam.  Iodide  Amylene. 

/  ethyl.  allyL  ofsodiom. 


I 


r  But  amylene  thus  obtained  is  isomeric  and  not  identical  with  ordi- 

^  nary  amylene.     While  this  latter  answers  to  the  foimula 

H*     H*     h"     H*     H* 

C-C-C-C-C, 
'  artificial  amylene  appears  to  correspond  to  the  formula 

H*    h"    n    H*    H* 
^  C-C-C-C-C. 

,  5th.  By  causing  hydriodic  acid  to  act  on  mannite,  an  iodized  body 

■^         (hydriodate  of  hexylene)  answering  to  the  formula  (C'H",HI)  has  been 

obtained.     This  body,  when  treated  with  oxide  of  silver,  furnishes 

hexylene : 

2(C«H^'HI)     +     (Ag»0)     =     2(AgI)     +     (H«0)     +     2{QrS'*) 

rdriodate  of  Oxide  of  Iodide  o 

lezylene.  silver.  silTer. 


HTdriodateof  Oxide  of  Iodide  of  Water.  Hexylene. 

he 


Butylene  (C*H*)  has  been  procured  by  a  similar  process,  using  erj'- 
thrite  instead  of  mannite. 

6th.  These  bodies  are  obtained  by  transmitting  the  hydrochloric 
ethers  of  corresponding  alcohols  over  lime,  heated  to  dull  redness : 

2(C*H"C1)     +     (CaO)     =     (Ca"Cl«)     +     (H»0)     +     2(CTI*«) 

Chloride  of  Lime.  Chloride  Water.  Amylene. 

amyL  of  calcium. 

7th.  M.  Berthelot  has  obtained  propylene  (C*H*)  by  transmitting  a 
mixture  of  marsh  gas  and  oxide  of  carbon  through  a  red-hot  tube  : 

(CO)     -h     2(CH*)     =     (C^HO     -f.     (H*0) 

Oxide  of  Marsh  gas.  IVopylene.  Water, 

carbon. 


i 
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8th.  Propylene  has  also  been  prepared  by  Messrs.  Alexe'iefF  and 
Beilstein  by  means  of  chloroform  and  zinc-ethyl : 

2(CHCP)    +    3  C'H»)«Zn")    =     3(ZnC10    +    4(C*H")    +    2(CH*) 

Chloroform.  Zino«ttiyL  Chloride  of  ziiic.  Piopy'.ene.  Mari»hgaA. 

9th.  Compounda  known  as  hydrates  of  tetrammoniiims  which  result 
from  the  substitution  of  four  atoms  of  an  alcohol  radicle  for  four  atoms 
of  hydrogen  of  the  oxide  of  ammonium,  sepaiate  by  distillation  into 
a  ternary  ammonia  and  an  hydrocarbide  (CII*') : 

/N(C^H7j(^\     ^     ('n(C*HO*)     +     (h'o)     +     feu*) 

Hydrate  of  tetrethyl-  TrieUiylamine.  Water.  Ethylene. 

ammoniuQL 

When  several  different  radicles  are  substituted  for  ihe  hydrogen  of 
the  ammonium,  the  one  containing  the  least  carbon  is  eliminated  in  the 
state  of  carburetted  hydrogen  (C*H*"). 

The  hydrate  of  tetramethyl-ammonium,  instead  of  giving  methy- 
lene by  distillation,  furnishes  methylio  alcohol  and  trimethj^lamine ; 
this  is  owing  to  the  methylene  being  unable  to  exist  in  an  isolated 
state : 


■ 

r"-2'!»)  ■ 

=       ('n(CH»)»)     + 

(T(  0) 

i 

I 

Hydrate  of  tetrain<>thyl- 
ammoniani. 

Trimethylamiiie. 

Methylic 
alcohoL 

Fropkrtiks. — 1st.  The  hydrocar bides  of  this  series  act  as  biatomic 
radicles.  They  unite  directly  with  chlorine,  bromine,  or  iodine,  giving 
compounds,  which  correspond  to  the  formulae  ,(C"H**C1"),  (C"H**Bi-^), 
i  (O'H*'!*).  lliis  reaction  is  explained  by  admitting  that  the  hydro- 
carbui'etted  compound,  which  first  formed  &  closed  chain,  changes  its 
constitution  in  presence  of  the  halogen  metalloids.  These  latter  would 
open  the  chain. 

C  ^    ,  C  i  Br 

4  cjunrrrr)  ct)  cd  ^  ci i_.i_t)  ®  ®  ® 

^  ®  (D  CI    II    i:)  (D  ®  ®  CI    II    n 


Clodid  chain.  Open  chain. 


i  If,  as  we  have  seen  it  may  be  supposed,  these  hydrocarbides  foimed 

an  open  non-saturated  chain,  their  union  with  chlorine  or  its  congeners 
would  consist  in  a  simple  addition. 

The  chlorinated,  brominated,  or  iodized  compounds,  submitted  to  the 
action  of  an  alcoholic  solution  of  potash,  lose  one  atom  of  hydrogen  and 
one  atom  of  their  halogen  metalloid,  a  haloid  salt  of  potassium,  and 
h  water  being  produced : 

2  c 
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(C«H^B.^)    4-    (Sfo)     =     (I})    +    (gfo)    +    (c«H.Br) 

Bromide  of  PotMh.  Bromide  of  Water.  Bromfnated 

ethylene.  potassium.  ethylene. 

The  ohlorinated,  brominated,  or  iodized  hydrocarbide  thus  produced 
can  in  its  turn  fix  CI*,  Bi-*,  or  I*;  then  a  molecule  of  hydrochloric, 
hydrobromic,  or  hydriodic  acid  can  be  taken  from  this  new  product  by 
means  of  an  alcoholic  solution  of  potash.  The  body  which  is  formed  is 
still  capable  of  fixing  Br*,  CI*,  or  P ;  then  of  losing  (HBr),  (HCl)  or 
(HI)  ;  and,  by  a  succession  of  identical  reactions,  compounds  are 
obtained  which  represent  the  original  hydrocarbide,  all  the  hydix)gcn 
of  which  is  replaced  by  chlorine  and  its  congeners,  and  the  bichlorides, 
bibromides,  and  bin  iodides  of  these  latter  bodies. 

Taking  ethylene  for  example,  the  two  following  groups  of  bromi- 
nated  compounds  may  be  derived  from  it : 

Ethylene       ....  CH^  Bromide  of  ethylene      ....     C*H*Br 

Brommated  ethylene     .  G^H'Br  Bromide  of  brominated  ethylene    .     G^H^Br^Br^ 

Bibrominated  ethylene  .  G>H>Br*  Bromide  of  bibrominated  ethylene     CSHSBr^.Br* 

Tribrominated  ethylene  C^HBr*  Bromide  of  tribraminated  ethylene     G>HBi*,Br' 

Perbrominated  ethylene  (?Br*  Bromide  of  perbrominated  ethylene  C'BHpBr' 

With  the  homologues  of  ethylene,  two  groups  of  analogous  derivatives 
are  obtained. 

The  monochlorinated  or  monobrominated  hydrocarbide,  instead  of 
fixing  CI'  or  Br*,  may  lose  the  atom  of  chlorine  or  bromine  it  contains 
in  the  state  of  hydrochloric  or  hydrobromic  acid,  and  give  rise  to  a 
carbide  of  hydrogen  of  another  series.  This  reaction  is  produced  at 
from  130^  to  150°  under  the  influence  of  alcoholic  solution  of  potash, 
or,  what  is  better,  of  ethylate  of  sodium : 

Brominated  Ethylate  of  KromidH  of  AlcoboL  Aoetylene. 

ethylene.  sodium.  sodium. 

Bromide  of  ethylene  and  its  homologues,  when  treated  by  acetate  of 
silver  or  acetate  of  potassium,  lose  their  bromine  and  give  rise  to  bodies 
which  result  from  the  replacement  of  each  atom  of  bromine  by  the 
halogen  residue  of  the  acetates  (C'H'O*).  We  shall  presently  see 
(biatomic  alcohols)  how  the  formation  of  these  products  may  be 
accounted  for. 

The  bromides  (C"H""Br*)  when  heated  to  275°  with  a  mixture  of 
iodide  of  potassium,  copper,  and  water,  lose  their  bromine  and  re-form 
the  carburetted  hydrogen  which  was  present  in  the  bromide.  A  cer- 
tain quantity  of  corresponding  saturated  carbide  (C"H**+")  is  also  pro 
duced  in  this  reaction.  Thus  the  bromide  of  ethylene  (C*H*Br*)  in 
this  case  gives  a  mixture  of  ethylene  (C*H*)  and  hj'diide  of  ethyl 
(C«H«). 
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2nd.  The  oarbureited  hydrogens  (C"H*")  are  capable  of  nniting  with 
concentrated  sulphuric  acid  after  longer  or  shorter  agitation  together  : 

Salpharicocid.  Ethylene.  Ethylsulpharic  add. 

The  product  distilled  with  water  re-forms  sulphuric  acid,  along  with 
a  body  which  is  either  an  alcohol  or  the  isomer  of  an  alcohol. 

3rd.  With  Nordbausen  acid  they  give  sulpho  conjugate  acids  which 
are  isomers  of  the  preceding,  but  which  boiling  water  does  not  decom- 
pose with  formation  of  alcohol. 

4th.  Hydrochloric,  hydrobromic,  and  hydriodic  acids  combine  with 
these  hydrocarbides.  When  submitted  to  the  action  of  oxide  of  silver 
in  presence  of  water,  the  compounds  thus  formed  give  rise  to  two 
simultaneous  reactions.  One  portion  of  the  body  loses  its  halogen 
metalloid,  which  is  replaced  by  the  group  (HO),  forming  an  alcohol,  or 
more  generally  a  pseudo-alcohol ;  another  portion  loses  hydrochloric, 
hydrobromic,  or  hydriodic  acid,  and  reproduces  the  original  hydro- 
carbide  : 

1st.    2(C«H*HI)     +     Ag'O     +     H*0     =      2(AgI)     +     2(C'H«0) 

Hydriodate  Oxide  of  Water.  Iodide  of  Ordinary 

of  ethylene.  silyer.  silver.  alcohoL 

2nd.       2(C*H"HI)    +    (Ag*0)     =     2(AgI)    +    2(C*H«)    +   (H*0) 

Hydriodate  of  Oxide  of  Iodide  of  Hexylene.  Water, 

hexyleoe.  silver.  frilver. 

5th.  Hypochlorous  acid  combines  directly  with  these  hydrocarbides, 
and  gives  a  monochlorhydrin  of  glycol,  which  corresponds  to  them : 

Octylene.  Hypodiloroos  Ocfylenic  dilorhydrin. 

add.  ^ 

eth.  Chloride  of  sulphur  (SOP)  unites  directly  with  the  hydrocar- 
bides of  the  (C"H'")  series,  giving  rise  to  compounds  which  are  botb 
chlorinated  and  sulphuretted. 

(C*H")       +      (GPS)       ;=:       (C*H«'CrS) 

Ainylene.  Chloride  New  Wy. 

of  s^lpbqr. 

Nomenclature. — Those  hydrocarbides  of  this  series  which  are  known 
are  arranged  in  the  following  table : 

Ethylene ,      .     CW 

Propylene C'H« 

Butylene C*ff 

Amylene ,      .      .      .      .     CW 

Hexylene CH" 

2  c  2 
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Heptylene C^Il" 

Octylene C»H" 

Nonylene C»H" 

'  Decylene C"H>^ 

Undecylene C"H« 

:•  i 

Cetene C'-H** 

Cerotone  (paraffin) C^H*^* 

Meleno C"H«^ 


SnjDY  OF  THE   MOST    IMPORTANT   IIyDROCARBIDES  OF  THE   C'H*"  SERIES. 

Ethylene  or  Oleflant  Gas  (C*H*). — This  gas  is  prodaced  at  the  same 
time  OS  marsh  gas  and  other  bodies,  when  organic  substances  ai*e  sub- 
mitted to  dry  distillation.  It  is  also  produced  by  transmitting  hy- 
drosulphuric  acid  and  sulphide  of  carbon  over  red  hot  copper. 

This  body  has  been  obtained  synthetically  by  causing  nascent 
hydrogen,  disengaged  by  the  reciprocal  action  of  zinc  and  ammonia  at 
40°,  to  act  on  cuprous  acetylide. 

Oxide  of  caproiu  Hydrogen.  Ethylene.  Copper.  Water, 

acetyl. 

Ethylene  may  be  prepared  by  the  direct  combination  of  carbon  and 
hydrogen  under  the  influence  of  a  strong  current  of  electricity ;  this  is 
a  direct  synthesis. 

The  quickest  and  easiest  way  of  preparing  pure  ethylene  consists  in 
gently  heating  alcohol  with  five  or  six  times  its  weight  of  sulphuric 
acid  or  with  chloride  of  zinc.  The  gas  should  be  passed  through  lime- 
water  to  remove  the  acid  i^pours  it  might  take  with  it,  and  through 
concentrated  sulphuric  acid  to  fix  the  vapours  of  alcohol  and  ether. 
As  the  mass  swells  out  greatly,  the  operation  must  be  conducted  in 
a  large  flask,  at  the  bottom  of  which  it  is  advisable  to  place  sand 
previously  washed  with  sulphuric  acid. 

The  final  reaction  is  a  dehydratation  of  the  alcohol. 

ri»  -  M  +  (1(0) 

AIoohoL  Ethylene.  Water. 

It  is,  however,  probable  that  a  compound  at  first  forms  which 
contains  the  elements  of  alcohol  and  sulphuric  aeid,  and  which  is  de- 
composed by  heat  producing  the  defiant  gas.  When  chloride  of  zinc 
is  used,  the  salt  appears  to  act  simply  as  a  deh3'drant. 

♦  (C^flM;?— Tr. 
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A  mixture  of  four  parts  of  powdered  boracic  anhydride  and  one 
part  of  alcohol  may  be  Bubstituted  for  the  preceding  mixtures  in  the 
preparation  of  ethylene,  but  this  process  is  less  convenient  than  the 
former. 

Olefiant  gas  is  colourless  and  tasteless,  and  has  an  ethereal  odour. 
Its  density  is  0'9784.  It  liquefies  under  the  simultaneous  action  of 
strong  pressure  and  a  cold  of  —110^  produced  by  a  mixture  of  ether 
and  solid  carbonic  anhydride ;  it  has  not  been  solidified.  When  liquid, 
ethylene  is  transparent,  and  does  not  b^il  at  —110^.  Olefiant  gas 
cannot  be  respired  ;  it  is  insoluble  in  water  and  very  slightly  soluble 
in  alcohol  and  ether. 

Kordhausen  sulphuric  acid  absorbs  ethylene  after  some  time.  Or- 
dinary concentrated  sulphuric  acid  also  absorbs  it  when  the  reaction  is 
assisted  by  constant  agitation.  In  this  latter  case,  ethyl-sulphuric 
acid  is  formed,  which  when  distilled  with  water  forms  alcohol. 


1st. 


Ethylene.  Salphnric  acid.  Ethyl-sulphuric  acid. 


Ethyl-Bulphuric  Water.  Sulphuric  add.  AlcohoL 

acid. 

This  gas  is  infiammable  and  bums  with  a  very  bright  flame.  When 
mixed  with  oxygen  or  air  it  explodes  either  by  the  electiic  spark 
or  the  application  of  a  light. 

Chloride  of  sulphur  (SCl^  combines  with  olefiant  gas  and  gives  a 
compound  which  answers  to  the  formula  (C*H*SCP). 

Olefiant  gas  also  combines  with  hydracids,  forming  simple  ethers  of 
ordinary  alcohol. 

Ethylene.  Hydriodic  Iodide  of  ethyl. 

add. 

When  treated  by  hypochlorous-  acid  it  gives  monochlorhydrin  of 
glycol. 

(cm'")  +  (g}o)   =   ((m-'f^;) 

Ethylene.  Hypochluroue  Chlorhydrin  of 

add.  glyooL 

With  chlorine,  bromine,  and  iodine  it  gives  the  compounds  (C*H*C1*), 
(C*H*Bi-«),  (C«H*r).  Chloride  of  ethylene  has  been  called  Dutch  liquid. 
We  refer  to  what  we  have  said  of  their  general  properties  for  the 
manner  in  which  these  different  compounds  act  with  the  alkalies. 

Amylene  (C*H*®). — The  best  method  of  preparing  amylene  consists 
iu  leaving  a  mixture  of  amylio  alcohol  and  pounded  chloride  of  zinc  in 
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a  stoppered  flask  for  eeveml  days.  The  salt  partly  dissolves,  and 
when  the  mixture  has  the  consistence  of  syrup  it  is  distilled.  The 
product  should  he  suhmitted  to  fractional  distillation,  hecause  it  not 
only  contains  amylene  and  hydride  of  amyl,  hut  also  a  great  nnmher  of 
homologues  higher  than  these  bodies.  Moreover,  the  amylene  and  the 
hydride  of  amyl  cannot  be  completely  separated  by  fractional  distillation, 
these  two  bodies  having  boiling  points  which  are  too  near  each  other. 

In  the  process  just  described,  the  chloride  of  zinc  may  be  replaced 
by  sulphuric  acid  diluted  with  its  own  volume  of  water,  but  the 
results  obtaioed  are  not  so  good. 

In  these  two  cases  the  final  reaction  consists  in  a  dehydratation  of 
amylic  alcohol. 

r^s!  o)  -  (I  I  o)  +  («■«») 

Amylic  aloobol.  Water.  Amylene. 

Amylene  is  also  obtained  by  the  reaction  of  the  chloride  of  amyl  with 
fused  potash. 

CC*H"C1)     +     (KHO)     =     (KCl)     +     (WO)     +     (C*H") 

Chloride  of  amyl.  Potash.  Chloride  of  Water.  Amylene. 

potassium. 

M.  Wurtz  has  succeeded  in  preparing  amylene  synthetically  by 
heating  a  mixture  of  iodide  of  ethyl  and  iodide  of  allyl  with  sodium. 


(C»H*I) 

+ 

(CH'I) 

+    2Na     = 

:     2  (Nal) 

+ 

(C»H>») 

Iodide  of 

iodide  of 

Sodinro. 

Iodide  of 

Amylene. 

ethyl. 

allyl. 

•odiam. 

But,  as  we  stated  in  the  general  description  of  the  hydrocarbides  of 
this  series,  artificial  amylene  has  a  constitution  indicated  by  the 
formula 

H*      h'      H       H*       H* 

C-C-C-C-C, 

and  is  simply  isomeric  with  the  amylene  obtained  by  means  of  amylic 
alcohol,  the  constitutional  formula  of  which  is 

H*       H*       H*       H*       H* 

C-C-C-0-C. 

Amylene  is  a  colourless,  very  mobile  liquid,  and  has  a  very  charac- 
teristic disagreeable  smell ;  it  boils  at  35°  according  to  Frankland,  or 
at  39°  according  to  Balard.  Its  flame  is  very  luminous  and  sooty  ;  its 
vapour  density  has  been  found  to  be  2-68  by  Balard,  to  be  2-386  by 
Fraukland,  and  2'4'i  by  K^kul6;  its  theoretical  density  being  2 '4265. 

Perchloride  of  antimony  and  sulphuric  anhydride  completely  absorb 
the  vapours  of  amylene. 

Concentrated  sulphuric  acid  dissolves  amylene  on  agitation,  but  the 
hydrocarbide  soon  separates  again  in  the  foim  of  a  layer  of  oil,  but  its 
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molecule  is  then  doubled ;  it  is  no  longer  amylene,  it  is  diamjlene 
CC'^H"). 

Hydracids  heated  with  amjlene  combiue  with  it  directh*.  The 
compounds  formed  are  not  simple  ethers  of  amylic  alcohol  but  isomers 
of  this  body.  When  treated  with  moist  oxide  of  silver,  they  furnish 
not  amylic  alcohol,  but  an  isomer  of  thi8  alcohol,  the  psendo-amylic 
alcohol  (see  Pseudo- alcohols),  mixed  with  the  reconstituted  amylene. 

HypochlorouB  acid  combines  with  amylene  and  transforms  it  into 
amylenic  chlorhydrin. 

Amylene.  Hjpochloroiu  Amylenic  chlorhydrin. 

acid. 

Chloride  of  sulphur  (SCI*)  also  combines  with  amylene,  forming  a 
sulphuretted  and  chlorinated  compound. 

(c'w)   +   (ci}s)    =    rc*H^»sciM 

Amylene.  Chloride  of  Vew  bo4y« 

Bolphur. 

On  treating  amylene  by  halogen  metalloids,  and  the  products  thus 
obtained,  by  alkalies ;  then  by  treating  the  bodies  resulting  from  the 
action  of  the  alkalies,  as  amylene  was  treated,  a  series  of  compounds 
will  be  formed,  derived,  some  from  amylene,  and  others  from  the 
chloride,  bromide,  or  iodide  of  amylene  by  the  substitution  of  the 
halogen  metalloid  for  hydrogen. 

Thus  we  know  : 

The  bromide  of  amylene  (C*H^"Br")  and  brominated  amylene 
(C*H»Br) ;  the  bromide  of  brominated  amylene  (C*H'BrBr*)  and  bibro- 
minated  amylene  (C*H'Br'). 

When  potash  in  alcoholic  solution  is  heated  in  a  sealed  tube  with 
brominated  amylene,  this  loses  (HBr)  and  is  transformed  into  yalerylene 
(Eeboul). 

(C»H^r)     +    (|}0)     =     ^4)     +    (g}0)     4-    (CH.) 

BTxymlnaled  PotaHh.  Bromide  Water.  Valeryleno. 

amylene.  of  poUasium. 

Treated  by  acetate  of  silver,  the  bromide  of  amylene  exchanges  Br* 
for  (C*H*0*)*  and  thus  gives  an  acetate  which,  when  saponified  by 
alkalies,  gives  amyl-glycol.     (See  Glycols.) 

Hydrocarbides  answering  to  the  Formula  C"n*"~*. — Besides  isomers 
of  the  same  degree  of  saturation,  theory  indicates  three  isomers  for 
each  term,  but  up  to  the  present  time  only  one  is  known.  The  hydro- 
carbides  which,  while  presenting  the  composition  indicated,  would  be 
saturated  or  would  act  as  only  biatomio  radicles,  have  not  as  yet  been 
obtained.  Those  which  act  as  tetratomio  radicles  are  the  only  ones 
known. 
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Preparation. — There  is  only  one  general  process  by  which  these 
bodies  are  prepared  ;  it  consists  in  heating  the  roonobrominated  deri- 
vatives of  hydrocarbides  answering  to  the  formula  C*H*"  with  the 
ethylat^  of  sodium  at  a  temperature  of  130"'  to  160°. 

Ethylate  of  Alcoliol.  Bromirle 

BodJum.  of  eodium. 

When  these  hydrocarbides  are  liquid  they  are  separated  from  the  excess 
of  alcohol  by  wai^hing  them  with  water  in  which  they  are  insoluble 
and  the  purification  is  completed  bj^  distillation. 

When  gaseous  they  are  transmitted  into  an  ammoniacal  solution  of 
protochloride  of  copper ;  aprecipitate  then  forms  which  contains  copper, 
and  is  veiy  explosive.  This  precipitate,  carefully  w^ashed  and  treated 
with  hydrochloric  acid,  furnishes  the  gas  in  a  pure  state. 

Those  of  these  hydrocarbides  which  are  liquid  do  not  give  rise  to  any 
reaction  in  presence  of  ammoniacal  protochloride  of  copper. 

Pboperties. — 1st.  When  shaken  with  concentrated  sulphuric  acid 
these  bodies  are  absorbed.  On  distilling  the  liquid  with  water,  a  pro- 
duct is  obtained  which  represents  the  original  hydrocarbide  with  a 
molecule  of  water  added.  This  product  is  an  alcohol  or  an  isomer  of 
an  alcohol.  This  action  of  sulphuric  acid  has  only  been  well  studied 
with  acetylene. 

2nd.  Treated  by  hydrobromic  andhydiiodic  acids,  and  probably  also 
by  hydrochloric  acid,  these  hydrocarbides  absorb  one  or  two  molecules 
of  these  bodies.  The  bihydrobromates  and  bihydriodates  produced 
have  the  same  composition  as  the  bibromides  derived  from  the  hydro- 
carbides corresponding  to  the  series  C"!!**,  as  the  following  equation 
shows : 

(C-H*-',2HBr)     =     (C'H^-Bi-^). 

But  these  two  c1«,ssgs  of  bodies  are  isomeric,  not  identical. 

Bromides  of  the  hydrocarbides  C*IP"  being  capable  of  transformation 
into  biatomic  alcohols,  it  is  probable  that  the  bihydrobromates  of  which 
we  speak  can  furnish  isomers  of  these  alcohols.  This  is  almost  certain, 
considering  that  M.  Wurtz  has  obtained  a  similar  result  with  the 
hydrocarbide  (C®H*°),  diallyl,  which,  if  it  is  not  identical  witb,  at  least 
very  nearly  approaches  by  its  properties  to  those  of  which  we  are  hero 
speaking. 

3rd.  These  hydrocarbides  combine  either  with  one  or  two  molecules 
of  bromine,  giving  tlie  compounds  (C"II*^*Br^)  and  (C"H*"~^Br*),  the 
second  of  which  is  often  crystallized.  While  studying  bromides  of  this 
order  prepared  by  means  of  valerylene  (C*II*),  M.  Reboul  observed 
that  under  tlie  influence  of  potash  in  alcoholic  solution  the  derivative 
(C*H'Br*)  loses  first  a  molecule  of  hydrobromic  acid,  giving  the  bromides 
(C*n'Br) ;  then  a  second  molecule  of  this  acid,  and  is  transformed  into 


or 
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a  new  hydrocarbide,  to  which  he  gives  the  name  of  valylene,  and  which 
answers  to  the  formnla  (C*H*). 

4th.  Those  hydrocarbides  of  this  series  which  are  gaseous,  give  an 
explosive  precipitate  in  presence  either  of  nitrate  of  silver  or  of  am- 
moniacal  chloride  of  copper.  These  precipitates  vary  in  their  consti- 
tution according  to  the  gas  from  which  they  arise. 

With    acetylene,  they    answer   to    the  formula  (paTJA^  fO) 

(r(^*Hr  *"Vi   ^/'  ^^^^^  makes  them  oxides  of  the  organo-nietallio 

radicles  derived  from  vinyl  (C*H')  by  the  substitution  of  biatomic  Ag' 
or  Cu'  for  H^  M.  Berthelot  has  given  the  names  of  argent-acetyl  and 
cupros-acetyl  to  these  radicles. 

With  allylene,  the  ouprio  precipitate  appears  to  have  a  similar 
formula.  But  the  argentic  precipitate  answers  to  the  formula  (C'H^Ag), 
which  makes  it  a  simple  argentic  derivative  of  allylene. 

>"•  (Sit?  f  0) + HS  I)  =  (i }  0) + <^ })  +  'M 

Oxide  of  aigeut-ftcetyL       Hydrochloric  Water.  Chloride  of  Acetylene. 

acid.  diver. 

2nd.  (CH'Ag)     +     (HCl)     =     (AgCl)     +     (C'H*) 

Argentic  Hydrochloric  Chloride  Allylene. 

al^lene.  acid.  of  silver. 

The  oxides  of  argent-acetyl  and  cupros-acetyl  are  true  basic  oxides, 
whence  a  whole  series  of  saline  compounds  is  derived. 

NoMENcr,ATURE. — At  present  only  four  of  these  hydrocarbides  are 
certainly  known ;  these  are  : 

Acetylene     ...,•.  C*H*  (Berthelot). 

Allylene (?H*  (Sawitsch). 

Crotonylene C'H*  (Caventou). 

Valerylene    ......  C'ff  (Reboul). 

A  hydrocarbide  (C*H^^)  recently  obtained  by  M.  Caventou  must  be 
added  to  these.     This  hydrocarbide  is  not,  as  might  be  thought,  identi- 

cal,  but  simply  isomeric  with  diallyl  I  psxTs  [).     The  differences  which 

exist  between  these  bodies  chiefly  affect  their  physical  properties.  Their 
chemical  properties  are  the  same :  thus  diallyl  unites  directly  with  one 
or  two  molecules  of  bromine  or  hydriodic  acid,  like  acetylene  and  its 
homologues.* 

*  The  following  facls,  recently  discoTered  by  M.  Berthelot,  mnst  be  added  to  what 
has  been  said  of  the  hydrocarbides  OIP»  and  O-H*"-^. 

1st.  When  an  aqueous  solution  of  peimanganate  of  potassium  is  gradunlly  added  to 
acetylene  (C^H^)  at  the  ordinaiy  temperature,  care  being  taken  to  shake  it  all  the  time, 
binoxide  of  manganese  is  deposited ;  the  liquid,  separated  by  filtering  from  this  pre- 
cipitate, contains  a  large  quantity  of  oxalate  of  potassium,  from  which  the  oxalic 
a4:id  can  be  extracted.    Tiiis  acid  results  from  a  direct  oxidation. 

(C«H2)        +       40       =       (C5«EPO0 
Acetylene.  Oxygen.  Oxalic  add. 

[At 
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HydrocarbideB  CorreBpondlng  to  the  Formula  C"H'"''\  —  Inde- 
pendently of  isomers  of  the  same  degree  of  saturation,  four  isomers 
ought  to  be  found  corresponding  to  each  term  of  this  series ;  one  of 
these  being  saturated,  a  second  biatomic,  a  third  tetratomic,  and  a 
fouHh  hexatomic.  In  reality,  we  know  the  essence  of  turpentine  and 
its  isomers,  which  form  tetratomic  radicles,  and  among  which  perhaps 
biatomic  radicles  may  also  be  found.  Moreover,  valylene  (C*H*), 
recently  discovered  by  M.  Reboul,  and  which  we  mentioned  when 
speaking  of  the  hydix)carbid6S  of  the  preceding  series,  is  hexatomic. 

In  this  series,  the  essence  of  turpentine  and  its  isomers  alone  being 
well  known,  we  will  only  speak  of  them. 

Essence  of  Turpentine. — A  hydrocarbide,  the  formula  of  which  is 
(C^^^*),  is  extracted  from  the  Pinw  man^tma,  and  from  the  Pinus 
awtraUs  of  the  southern  states  of  America.     The  hydrocarbides  from 

At  the  same  time  formic  acid  and  carbonic  anhydride  are  foimed,  and  theee  may 
be  regarded  as  prodnoed  by  the  transformation  of  oxalic  acid  in  the  nascent  state : 

(C»H»0<)      =      (0H«0»)       +      (C08) 

Oxalic  add.  Formic  add.  Carbonic 

anhydride. 

Allylene  (CH^),  a  homologae  of  acetylene,  also  posseBses  the  property  of  giving 
rise  to  a  corresponding  acid,  malonic  add,  by  simply  fixing  oxygen,  ond^  tlie  influence 
of  permanganate  of  potassium,  in  the  cold  : 

(CH*)      +      40       =       (CH^O*) 

Allylene.  Oxygen.  Malonic  acid. 

This  fixing  of  oxygen  causes  at  the  same  time  the  formation  of  acetic  acid  and  car- 
bonic anhydride,  that  is  to  say,  products  of  the  decomposition  of  malonic  acid : 

(CH^O*)      =       ((7H*02)      +      (COO 

Malonic  add.  Acetic  add.  Carbonic 

anhydride. 

These  latter  reactions  are,howeTer,  less  clear  than  the  preceding  ones.  In  fact,  it 
is  always  observed  that  oxalic  acid  and  its  products  of  decomposition,  formic  acid  and 
carbonic  anhydride,  are  also  formed.  It  is  probable  that  the  oxalic  acid  results  from 
the  oxidation  of  acetic  acid  in  the  nascent  state : 

(Cra^OS)      +      30       =      (H20)      +      (C2H2O0 
Acetic  add.  Oxygen.  Water.  Oxalic  acid. 

2nd.  The  oxidation  of  ethylene  (C^^),  under  the  influence  of  permanganate  of 
potassium,  is  almost  as  ctisy  as  that  of  acetylene.  M.  Berthelot  has  seen  that,  inde- 
pendently of  the  formic  acid  and  carbonic  anhydride  discovered  by  M.  Truchot  in  the 
products  of  this  oxidation,  there  is  produced  oxalic  acid,  the  formation  of  which 
represents  the  ftindamental  reaction : 

(C?H*)      -H      50       =       (H20)      +      (O^H^O*) 
Ethylene.  Oxygen.  Water.  Oxalic  add. 

Propylene  also  gives  an  analogous  reaction  to  that  of  allylene : 

(03H«)      +      60       =      (IPO)      +      (08H*0^) 
Propylene.  Oxygen.  Water.  Malonic  acid. 

Malonic  acid  is  accompanied  by  secondary  products,  such  as  oxalic,  formic,  and 
acetic  acids,  and  carbonic  anhydride. 

Amylene  also  appears  to  undergo  the  same  oxidation  under  tlio  influence  of  the 
permanganate  of  potassium,  and  is  transformed  into  water  and  pyrotartaric  acid. 
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these  two  sources  are  not  identical ;  the  former,  known  as  French  turpen- 
tine, is  levogyrate,  while  that  from  America^  called  English  turpentine, 
is  dextrogyrate.     These  essences  only  differ  in  this  particular  property. 

A  great  number  of  vegetables  contain  essences  that  are  isomers  or 
polymers  of  essence  of  turpentine :  those  which  have  the  formula 
C'*H"  are  so  easily  confounded  with  essence  of  turpentine  by  their 
chemical  properties,  and  those  answering  to  a  multiple  formula  have  so 
many  relations  with  the  polymers  that  are  obtained  by  modifying  this 
latter,  that  the  study  of  this  body  is  the  study  of  all  these  hydro- 
carbides,  which  scarcely  differ  except  by  their  physical  characters. 

Properties: — Ist.  Essence  of  turpentine,  when  exposed  to  the  air, 
absorbs  oxygen  which  acquires  the  properties  of  ozone;  then  this 
oxygen  enters  into  combination  with  the  essence,  and  resinous  products 
are  formed.  The  action  of  strong  oxidizing  agents  transforms  this 
hydrocarbide  into  certain  acids  which  are  only  slightly  known. 

2nd.  When  essence  of  turpentine  is  submitted  to  the  action  of  a 
temperature  of  from  200°  to  250^,  it  undergoes  a  transformation.  After- 
wards, on  distillation,  two  bodies  may  be  separated  from  it ;  one  boils 
at  176°  to  178°,  and  is  levogyrate ;  it  is  called  isoterebenthene  or  aiutia- 
pyrolene:  the  other  is  volatile  above  860°,  and  is  also  levogyrate; 
it  is  known  as  metaterebenthene  or  dipyrolene.  The  formula  of  the 
first  of  these  hydrocarbides  is  (C^^IP*),  like  the  essence  from  which 
it  is  derived ;  that  of  the  second  is  ((T^H**). 

3rd.  Treated  by  fluoride  of  boron  or  by  concentrated  sulphuric  acid, 
essence  of  turpentine  is  transformed  into  two  inactive  hydrocarbides ; 
one,  volatile  at  160°  like  the  essence  whence  it  is  derived  has  its  for- 
mula (<7*H"),  and  has  received  the  name  of  terebene ;  the  other,  vola- 
tile at  a  very  high  temperature,  answers  to  the  formula  (CP^H**),  and  is 
known  as  colophene  or  diterebene. 

4th.  On  causing  stearate  of  sodium  to  act  at  200°  on  a  solid  com- 
pound of  hydrochloric  acid  and  essence  of  turpentine,  which  we  shall 
presently  study  under  the  name  of  monohydrochlorate  of  turpentine, 
the  carbide  which  has  for  formula  (C'^ff  •)  is  re-formed.  This  body  has 
received  the  name  of  camphene  ;  it  is  crystallized,  and  is  levogyrate  or 
dextrogyrate  according  as  it  is  derived  from  French  or  English  turpen- 
tine. On  substituting  acetate  for  stearate  of  sodium  in  its  preparation, 
the  same  hydrocarbide  is  obtained,  but  it  is  then  inactive. 

Camphene,  when  submitted  to  the  catalytic  action  of  platinum  black, 
appears  to  oxidize ;  in  this  case  it  is  probable  that  laurel  camphor  may 
be  formed : 

Camphene.  Oxygen.  Laurel  camphor. 

5th.  Hydrochloric  acid  is  capable  of  combining  with  the  essence  of 
turpentine  in  several  proportions.  When  a  gaseous  current  of  hydro- 
chloric acid  is  made  to  act  on  it,  a  product  is  obtained  which  has  for 
formula  (C*®H"HC1)  :  it  is  the  monochlorhydrate  of  turpentine :  if,  on 
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the  contrary,  a  conc5eDti*ated  aqueous  solution  of  hydrochloric  acid  be 
made  to  act  on  the  essence,  and  the  action  be  continued  for  several 
weeks,  crystals  are  deposited  which  have  for  formula  (.C*H",2HC1), 
and  which  are  called  dichlorhydrate  of  terpilene.  This  dichlorhydrate 
may  be  obtained  by  means  of  the  gaseous  acid,  by  substituting  the 
essence  of  lemon  for  its  isomer  the  essence  of  turpentine;  for  this 
reason  it  is  called  dichlorhydrate  of  citrene. 

On  causing  hydrochloric  acid  to  act  on  terebene,  a  body  is  obtained 
which  answers  to  the  formula  [(G"H^»)''HC1]  =  (C'^H^.HCl) ;  it  is  the 
subchlorhydrate  of  essence  of  turpentine  or  hydrochl orate  of  ditere- 
bene. 

When  a  current  of  hydrochloric  acid  is  directed  through  a  solution 
of  essence  of  turpentine  in  ocetio  acid,  a  hydrochlorate  is  obtained 
which  is  called  intermediate  hydrochlorate  or  hydrochlorate  of  dipy- 
rolene:  this  body  has  the  formula  (C*»H",3HC1). 

6th.  Hydrobromic  and  hydriodic  acids  give  rise  to  the  same  deriva- 
tives as  hydrochlonc  acid,  but  the  biniodhydrate  is  obtained  by  a' 
different  process  {see  11  th). 

7th.  When  preparing  mono-  and  dichlorhydrates,  mono-  and  dibrom- 
hydrates,  and  the  mon-iod hydrate  of  essence  of  turpentine,  two  isomers 
of  each  of  these  bodies  are  always  obtained,  one  liquid,  and  the  other 
solid  and  crystallized.  The  crystallized  monochlorhydrate  has  been 
improperly  called  artificial  camphor,  and  the  crystallized  dichlorhy- 
drate, camphor  of  lemon. 

8th.  When  a  mixture  of  alcohol,  nitric  acid,  and  essence  of  turpen- 
tine is  left  for  several  months  exposed  to  the  air,  a  crystallized  hydrate 
is  deposited  which  has  the  formula  (C'°H^',2H'0,+  aq.),  and  which  is 
called  terpine.  Under  the  influence  of  heat,  terpine  loses  its  water 
of  crystallization.  The  mother-liquors,  from  which  terpine  is  depo- 
sited, contain  a  liquid  isomer  of  this  body. 

9th.  When  the  preceding  mixture  is  left  for  several  months  in  a 
hermetically-sealed  vessel,  care  being  taken  that  it  is  frequently 
shaken  during  this  time,  a  liquid  monochlorhydrate,  answering  to  the 
formula  (C^«H^«,H^),  is  produced. 

10th.  Tei-pine,  under  the  influence  of  a  small  proportion  of  sul- 
phuric acid,  is  transformed  into  another  hydmte  which  has  received 
the  name  of  terpinol,  the  formula  of  which  is  (0*H"*,H*0).  This  com- 
pound is  however  obtained  more  readily  by  causing  an  alcoholic 
solution  of  potash  to  react  on  the  dichlorhydrate  of  citrene,  or  acetate 
of  silver  on  the  dibromhydrate  :  the  reaction  in  this  latter  case  appears 
to  be  expressed  by  the  following  equation : 

2(C'»ff«Br«)     -t-     4(C«H»AgO*)     =     4(AgBr)     +     2(C«H*0'*) 

Dibromhydrate  of  Acetate  of  tJlver.  Bromide  of  Acetic  add. 

citrene.  silver. 

+      (c'™}^)      +       (C'»H"0)  (Opponheim.) 

Acetic  anhydride.  Terpinol. 
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11th.  Terpine,  when  submitted  to  the  action  of  the  chloride,  bro- 
mide,  or  iodide   of  phosphorus,  gives  rise    to    the  dichlorhydrate 
dibromhydrate,  or  biniodhydrate  of  citrene.     The  latter  body  has  only 
been  obtained  in  this  manner. 

12th.  Terpine,  when  heated  with  acetic  anhydride,  can,  when  the 
temperature  is  carefully  regulated,  give  rise  to  a  double  decomposition, 
in  consequence  of  which  one  of  its  atoms  of  hydrogen  is  replaced  by 
the  radicle  acetyl  (C*H'0).  The  body  thus  produced  is  allied  to  those 
which  we  shall  study  presently  under  the  name  of  compound  ethers  in 
the  chapter  devoted  to  alcohols ;  it  shows  the  alcoholic  nature  of  ter- 
pine. Its  formula  is  (C*°H"(C^'0)0'),  and  is  formed  according  to  the 
equation : 

Terpine.  Acetic  anhydride.  Acetic  acid.  Monacetic  terpine. 

Epitome  of  the  Theory  of  the  Derivatives  of  the  Essence  of  Tdr- 
PENTiNE. — The  hydrocarbide  (C*°H")  is  tetratomic,  and  can  therefore 
unite  with  four  monatomic  atoms,  that  is  to  say,  with  two  mole- 
cules of  hydrochloric,  hydrobromic,  or  hydriodic  acids ;  thence  the 
dichlorhydrate,  the  dibromhydrate,  and  the  biniodhydrate :  but  it  can 
also  unite  with  only  a  single  molecule  of  these  acids,  that  is  to  say, 
with  two  monatomic  atoms  ;  thence  the  monochlorhydrate,  monobrom- 
hydrate,  and  mon-iodhydrnte. 

On  being  doubled,  the  tetratomic  radicle  (C^^H^*),  like  all  polyatomic 
radicles,  loses  one  part  of  its  capacity  for  saturation,  and  the  hy- 
drocavbide  (C"H'*),  which  is  hexatomic,  is  formed.  This  hydrocarbide 
is  the  radicle  of  the  intermediate  hydrochlorate  and  hydrobromate 
(C*^H«,3HC1) 

As  an  hexatomic  hydrocarbide  (C*H'-)  ought  to  be  able  to  produce 
non-saturated  compounds  with  four  or  two  monatomic  atoms.  The  com- 
pounds with  four  monatomic  radicles  are  still  unknown.  Those  which 
contain  only  two  of  these  radicles  are  known ;  they  are  the  subchlor- 
hydrate,  the  subbromhydrate,  and  the  subiodhydrate  (C*^H",HC1)  .... 

If  in  the  different  hydrochlorates  each  atom  of  chlorine  be  replaced 
by  the  residue  HO,  we  shall  have  the  formulae  of  the  different  h^'drates 
we  have  mentioned  ;  the  formula  of  an  unknown  hydrate,  which  would 
correspond  to  the  intermediate  hydrochlorate,  will  also  be  obtained. 

In  the  following  table  we  give  the  different  derivatives  of  essence  of 
turpentine,  according  to  the  preceding  theory.  The  bodies  which 
exist  in  solid  and  liquid  modifications  have  been  indicated  by  the 
Greek  letters  a  and  ^,. which  are  placed  after  their  fonnulce. 
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HYDBOCAEBIDEB  (C"H")'^,  afi 


HYDS0CABBIDE8  (C^H"*)^ 


Non-uitarated 
Compoonda. 


Saturated 
Compounds. 


Non-nturaied 
Compoundd. 


8atarat<^ 
Gompoonds. 


(C*^"C1),  aP 
Monochlorbydrate. 

(C"H"Br),  afi 

Monobromhydrate. 

(C^^"I).  afi 
MoDiodhydrate. 

(C^"H^«0) 

Honohydrate. 


^A^va 


(Cff'Cl''),  ayS 

Dichlorhydrate. 
Dibromhydrate. 

(C"H"P) 

Di-iodbydrate. 
Dibydrate  (terplne). 

(C'W'(C*H»0)0») 

Monacctic  terplne. 


(C^'H^Cl) 

Subchlorbydratc 

(C^'^^Br) 

Subbromfaydrate. 
Subiodhydratc. 
Terpinol. 


(C«'H«'C1) 

Intermediate  chlorhydrate. 

(C«H»Br») 

Intermediate  brombydrate. 

(C^H'^O*) 

Intermediate  bydrate 
(unknown). 


Essences  Isomeric  with  Essence  of  Turpentine. — The  essences  of 
athamanta,  bergamotte,  bomeo,  camphor,  birch,  camomile,  caoutchouc, 
caraway,  lemon,  coriander,  elemi,  gaultheria,  juniper,  cloves,  gamboge, 
hops,  laurel,  orange,  parsley,  pepper,  savine,  Tolu,  thyme,  valerian, 
and  others,  like  essence  of  turpentine,  have  the  formula  (C"H").* 

The  essences  of  cubebs  and  copaiba  appear  to  have  their  formula  a 
multiple  of  this,  probably  (C*H»*). 

HydrooarbideB  which  have  the  Formula  C'H**"'. — In  this  series, 
and  without  speaking  of  isomers  of  the  same  atomicity,  theory  leads 
us  to  anticipate  for  each  term  the  existence  of  five  isomeric  hydro- 
carbides  differing  in  their  atomicity,  which  may  vary  from  0  to  8.  The 
homologous  series  comprising  all  the  bodies  which  are  classed  among 
these  hydrocarbides  has  received  the  name  of  the  aromatic  series, 
because  it  comprises  bodies  which  have  an  agreeable  odour,  like 
essence  of  bitter  almonds,  benzoic  acid,  essence  of  cumin,  etc. 

Preparation. — The  hydrocarbides  of  this  series  are  prepared  by 
causing  lime  to  act  at  red  heat  on  monatomic  acids,  from  which  they 
differ  by  (CO*),  or  on  biatomic  acida  from  which  they  differ  by  (C"0*). 

(cmny)     +     (CaO)     =     (CaCO»)     +     (c*h-) 


Benzoic  add. 


Lime. 


Carbonate 
of  calclnm. 


Beozine. 


*  We  haye  seen  that  essence  of  turpentine  may  be  ti'anafunned  into  seveial 
isomers,  one  of  which,  camphene  (C*°H*^)  is  crystallized,  and  is  capable  of  giving, 
with  hydrochloric  acid,  the  monochlorbydrate  (C^'^H^^'jHCl),  and  never  the  dichloiate 
^Qio|{  6  2H01).  This  camphene  is  obtained  by  means  of  the  monochlorliydrate  decom- 
posed by  map.  MM.  Lanth  and  Oppenheim  have  shown  that  aniline  also  deoompo^es 
the  monochlorhydrate,  producing  camphene.  The  same  cliemists  have  likewise  dis- 
covered that  aniline  also  decomposes  the  dichlorhydmte.  There  is  then  produced  a 
liquid  isomeric  with  essence  of  turpentine,  terpilene  (G**^H**),  which,  under  the  ini> 
fluenoe  of  hydrochloric  acid,  always  gives  the  dichlorhydrate,  and  never  the  mono- 
chlorhydrate. M.  Berthelot  had  obtained  terpilene  by  the  action  of  sodium  on  the 
dichlorhydrate  of  turpentine.  But  the  method  discovered  by  MM.  Lauth  and 
Oppenheim  is  more  convenient,  and  gives  better  results. 
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(C*H'0') 

+ 

2  (CaO)       = 

=       2  (CaCO^ 

+ 

(cm') 

PbtulouU. 

Lime. 

Garboiuteof 
calcium. 

Benxbip. 

This  mode  of  preparation  is  the  same  as  one  we  gave  for  the  prepa- 
ration of  marsh  gas  and  its  homologues. 

2nd.  These  hydrocarbides  can  be  prepared  by  submitting  the  corre- 
sponding alcohols  to  the  action  of  an  alcoholic  solution  of  potash. 
This  process  has  only  been  tried  for  tolaene  and  cymene. 

BeDsylio  P^ytasb.  BenzoatAof  Tolaene.  Water, 

alcohol.  potassium. 

3rd.  A  hydrocarbide  of  this  series  has  been  obtained  by  the  dehy- 
dration of  camphor  by  means  of  chloride  of  zinc  or  phosphoric  anhy- 
dride: 

((?<B"0)       =       (H*0)       +       CC"H'*) 

Laoiel  camphor.  Water.  Cymene  (cymol). 

The  same  hydrocarbide,  or  at  least  an  isomer,  is  found  in  a  natural 
product,  the  essence  of  cumin. 

4th.  These  difiFerent  hydrocarbides  exist  in  the  oils  which  arise  from 
the  distillation  of  pit-coal,  as  well  as  in  that  which  is  separated  from 
wood-spirit  on  treating  the  crude  product  with  water. 

5th.  According  to  M.  Riche,  benzine  is  obtained  by  submitting 
chloride  of  phenyl  to  the  action  of  sodium  : 

2((?H'Cl)    +    ^1}     =     2(^»})    +    (CH*)    +    (cm*) 

Chloride  of  Sodimn.  Chloride  of  Benxlne.  Phenylene. 

phenyL  iodium. 

It  is  probable  that  the  homologues  of  chloride  of  phenyl,  if  treated 
by  sodium,  would  furnish  the  homologues  of  benzine  by  an  analogous 
reaction. 

6th.  Messrs.  Fittig  and  Tollens  have  recently  obtained  the  homo- 
l(^es  ofbe'nzine,  etc.,  by  heating  a  mixture  of  brominated  benzine  and 
bromide  of  methyl,  ethyl,  or  amyl,  with  sodium. 

(CH'Br)    +     (cffBr)    +    J>}     =     2(N»|)    +     (c^) 

Brominated  Bromide  of  Sodlom.  Bromide  of  Toloeoe. 

benzine.  methyl.  Bodium. 

PiiOPKRTiEs. — Only  benzine  and  toluene  have  been  carefully  studied. 
These  hydrocarbides  have  different  properties,  and  require  to  be 
examined  separately. 

Ist  Benzine  boils  at  82^,  and  is  solidified  at  —5^.  Itisahexa- 
tomic  radicle,  capable  of  uniting  directly  with  2,  4,  or  6  atoms  of 
chlorine  or  bromine.  The  products  of  this  combination  in  presence  of 
alcoholic  solution  of  potash  lose  half  their  chlorine  or  bromine  in  the 
state  of  hydrochloric  or  hydrobromic  acid. 
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Benzine  does  not  combine  with  hydrochloric  or  hydriodic  acids ;  the 
experiment  has  not  been  tried  with  hydrobromic  acid,  but  the  result 
would  doubtless  be  the  same. 

Submitted  to  the  action  of  nitric  acid,  benzine  exchanges  one  atom 
of  hydrogen  for  one  atom  of  hyponitride.  The  product  formed  has 
received  the  name  of  nitro-benzine  : 

(C'W)      +      (NHO^)       =       (H«0)       +       (C«HXNO')) 

Benzine.  Nitric  add.  Water.  Nitrobcnzlne. 

2nd.  Toluene  boils  at  111°,  and  has  not  as  yet  been  solidified.  It 
never  combines  directly  either  with  chlorine  or  bromine  ;  in  presence 
of  these  metalloids  it  only  gives  rise  to  phenomena  of  substitution. 
Neither  does  it  combine  with  h^'dmcids. 

Srd.  Monochlorinated  toluene  (CH'Ol)  is  identical  with  the  chlo- 
ride of  benzyl  (see  Alcohol).  M.  Cannizzaro  has  shown  that,  under 
the  influence  of  acetate  of  silver,  this  body  exchanges  CI  for  (C*H"0*), 
and  furnishes  a  product  which  gives  benzilic  alcohol  when  saponified 
by  potash. 

Nevertheless,  M.  Beilstein  has  recently  shown  that  there  exists  a 
second  monochlorinated  toluene  (C'H'Cl),  differing  from  the  chloride  of 
benzyl,  and  in  which  the  chlorine  is  replaced  with  difiiculty.  K^kule 
explains  this  fact  by  considering  toluene  as  methyl-benzine,  and  by 
admitting  that  in  the  chloride  of  benzyl  the  substitution  affects  the 
methyl  group,  while  in  monochlorinated  toluene  it  affects  the  phenyl 
group.     The  formulee  of  these  bodies  then  are : 

(C*H*.CH*C1)  (C-H^CLCH') 

Chloride  of  benxyl.  Monodilurlnatcd  toluene. 

4th.  BichloriDated  toluene,  heated  with  mercuric  oxide,  gives  benzoic 
aldehyd : 

(CH'Cl')      +      (HgO)       =       (cm'o)      +       (Hg"|g) 

Biclilorlnatcd  Oxide  of  Bt^nsoio  Mercuric 

toluene.  mercury.  aldehyd.  chloride. 

It  is  nevertheless  not  identical,  as  my  experiments  have  shown,  with 
a  chloride  of  the  same  composition  which  is  obtained  by  causing  ben- 
zoic aldehyd  to  act  on  the  perchloride  of  phosphorus. 

It  is  conceived  that  three  bichlorinated  toluenes  may  exist,  tho 
formula  of  which  would  be 

(C^*CHCP),  (C^H'Cl'CH'),  and  (C«H*CiCH«Cl). 

The  first  of  these  formulae  is  that  of  chlorobenzol  and  the  last  that  of 
bichlorinated  toluene  which  is  known. 

5th.    When  trichlorinated  toluene  is  submitted  to  the  action  of 
alkalies  in  alcoholic  solution,  it  exchanges  2C1  for  0,  and  CI  for  (OH), 
and  gives  chlonde  of  potassium,  benzoic  acid,  and  water  (Naquet) : 
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(.^■)  +  ,(i(0)  .  3(51)  +  (^'H;0|„)  ^  (Hf  „) 

Tr'chlorlnated  Ptytasb.  Chloride  of  Benzoic  add.  W&ter. 

toluene.  potaasiiim. 

The  numbor  of  possible  tricblorinated  toluenes  is  fuur : 

(C'ffCCP),  (C«H*C1CHCP),  (C*H»CPCIPC1),  and  (C1PC1"CH>) 

6tb.  Submitted  to  the  influence  of  nitric  acid,  toluene  is  converted 
into  nitro-toluene  : 

(OW)      +      (NHO»)       =       (CTH^NO^))      +    (IPO) 

Toluene.  Nitric  add.  Nitro-toluene.  Water. 

Nomenclature. — In  this  series  the  following  are  actually  known : 

Benzine C*H* 

Toluene (7H» 

Xylene  and  an  isomer  of  this  body,  ethyl-benzine  (7H'* 

Cumene (?W^ 

Cymene C'^H" 

Amyl-benzine C"H** 

Several  hydrocarbides  which  appear  very  different  have  been  in- 
cluded under  the  names  of  cumene  and  cymene,  but  they  have  been 
very  little  studied.  It  is  known  that  by  causing  dehydrating  agents  to 
act  on  acetone,  a  compound  is  obtained  which  has  been  recognized  as 
isomeric  with  cumene,  and  which  is  called  mesitylene.  Benides  these 
six  hydrocarbides,  there  exists  a  seventh  according  to  M.  Carius ;  its 
formula  would  be  (C*H*),  and  M.  Carius  proposes  calling  it  pentene. 

Constitution  of  the  Hydrocarbides  having  the  general  Formula 
C*H*"~*. — Eecent  experiments  made  by  Messrs.  Fittig  and  Tollens  have 
shown  that  all  the  known  hydrocarbides  of  this  series  are  derived 
directly  from  benzine  (C*H*)  by  the  substitution  of  ethyl,  methyl,  or 
amyl  for  the  hydrogen  of  this  body.  Thus  toluene  is  methylated 
benzine.  It  is  supposed  that  according  as  several  atoms  of  hy- 
drogen are  replaced  in  benzine  by  methyl,  or  one  single  atom  of 
hydrogen  by  alcoholic  radicles  containing  more  carbon  than  methyl, 
isomeric  hydrocarbides  may  be  obtained.  In  fact,  ethyl-benzine 
(C'H*C*H*),  obtained  by  causing  sodium  to  act  on  a  mixture  of  bro- 
minated  benzine  and  bromide  of  ethyl,  differs  from  the  natural  xylene 
(C*H*®)  which  Messrs.  Fittig  and  Tollens  have  prepared  by  heating 
Kodium  with  a  mixture  of  bromide  of  methyl  and  monobrominated 
toluene. 

In  order  to  understand  the  constitution  of  the  aromatic  hydro- 
carbides, that  of  benzine  must  therefore  first  be  determined. 

M.  K^kule,  in  a  recent  theory  on  phenols,  of  which  we  shall  speak 
presently,  admits  that  benzine  represents  a  closed  chain,  composed  of 
six  atoms  of  carbon,  each  of  which  would  be  joined  to  one  of  its  neigh- 
bours by  two  affinities,  and  to  the  other  by  one.     Thus  a  free  affinity 
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would  remain  on  each  atom,  the  group  C*  wonld  be  hexatomio,  and 
benzine  (C^H*)  would  be  saturated.  Sometimes  the  chain  might  open, 
and  the  group  C^  would  become  octoatomic ;  the  open  and  closed  chain 
would  be  thus  represented : 

( *     1     CZT)  -  CT:  ■     1     1)  .  ( ■     ■     i  ^T)  .     t 
.  CEZHZEZD  .  CI     I     ■     1^  .  Ci     I     I     j-) 


4 


C'  hezAlomic  (cloaed  chain). 


Ci     i     i~"n  .  CT~"i     I     1)  .  Ci     ■     i  "T)   .     . 
•     •    Ci     i     ■     T^   .  CI     I     I     I  )   .  n     I     i     T) 

C'  Octoatomic  (open  chain). 

M.  E^kul6  has  observed,  that  on  acting  on  aromatic  compounds, 
whose  constitution  cannot  be  doubted,  oxidizing  bodies  replace  each 
lateral  chain  by  the  group  (CO*H),  giving  acids  the  basicity  of  which 
is  equal  to  the  number  of  lateral  chains  which  the  original  compound 
contained ;  he  thence  deduced  a  method  of  determining  the  constitu- 
tion of  these  bodies  when  it  is  not  known,  llius  cumene  (C'H")  is 
reduced  by  oxidation  into  benzoic  acid,  which  is  monobasic.  Cumene, 
therefore,  contains  a  single  lateral  chain,  and  its  formula  is  (C^^CH^). 
Cymene  (C**H")  by  slow  oxidation  gives  toluic  acid  (CKHD*),  which 
is  monobasic,  and  by  a  more  active  oxidation  it  gives  terephthalic  acid 
(C*H*0*),  which  is  biatomic  and  bi  basic.  Cymene,  therefore,  like 
toluio  acid,  contains  two  lateral  chains,  and  the  formula  of  the  first  of 

these  bodies  ^(C'HVqstttY  that  of  the  second  being  [C'Hv  pom  Y 

The  formula  of  terephthalic  acid  is  (CJ'HiVQQrfT). 

M.  E^kul^  founds  his  opinion  on  several  important  arguments,  the 
first  of  which  is  that  benzine  has  not  any  inferior  homolognes.  In 
fact,  if  benzine  has  the  constitution  supposed,  it  cannot  havo  any 
homolognes,  for  when  an  atom  of  carbon  is  taken  from  it  the  group  C^ 
is  obtained,  which  group  would  have  the  same  atomicity  as  the  C* 
group,  and  would  consequently  give  the  hydrocarbides  (C*H*)  or 
(C"H*),  according  to  whether  the  chain  was  open  or  closed,  which 
hydrocarbides  would  not  be  homolognes  of  benzine ;  moreover,  M. 
K^kul^  remarks,  that  almost  all  the  most  complicated  aromatic  com- 
potmds  may  be  finally  reduced  into  benzine ;  which  fact,  with  the 
syntheses  of  Messrs.  Fittig  and  ToUens,  shows  that  benzine  is  the 
pivot  of  all  these  compounds.  Thus  if  the  grouping  whjch  constitutes 
benzine  remains,  so  to  speak,  intact  in  all  these  compounds,  it  may  be 
supposed  that  carbon  is  there  grouped  differently  to  what  it  is  in  the 
molecules  of  methyl,  ethyl,  or  amyl,  which  are  added  to  this  group  to 
form  more  complicated  bodies. 

Lastly,  M.  I^^kul^'s  hypothesis  explains  some  very  important 
isomerisms,  which  previously  could  not  be  accoimted  for. 

Nevertheless  there  is  a  fact  of  which  this  theory  does  not  take 
cognizance :  benzine  can  fix  6  atoms  of  chlorine  or  bromine,  and  give 
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the  compounds  (C*H*Cr)  and  (C'H'Br*) ;  it  mnst,  therefore,  be  ad- 
mitted that  the  hexatomio  group  C^  is  transformed,  under  the  influence 
of  chlorine  or  bromine,  into  a  dodecatomic  group  (C'H*),  where  the 
atoms  will  be  grouped  as  in  the  series  CH*".  This  hypothesis  is  not 
so  simple  as  that  which  considers  benzine  as  a  hexatomic  radicle,  con- 
taining the  dodecatomic  group  C*  half  saturated. 

A  second  fact  of  which  the  theory  of  M.  E^kul6  does  not  take  notice, 
is  the  existence  of  pentene  ((?H^),  supposing  that  this  group  really 
exists,  which  is  as  yet  doubtfiil. 

In  order  to  smooth  this  difficulty,  M.  Wurtz  has  proposed  to  replace 
benzine  by  pentene  as  the  pivot  of  the  aromatic  compounds.  Benzine 
would  then  be  methyl-pentene  (C"H',CH'),  etc.  We  might  thus  ac- 
count for  the  &ct  that  in  aromatic  compoimds  the  substitution  of  the 
group  (NO^)  for  H  never  affects  more  than  3  atoms.  This  substitution 
would  in  reality  affect  the  group  (C"EP),  which  has  only  3H.  Unfor- 
tunately the  theory  thus  modified  would  not  take  into  account  either 
the  oxidation  of  aromatic  substances  or  the  properties  of  benzine,  which 
are  so  different  from  those  of  its  higher  homologues. 

Perhaps  there  may  be  two  parallel  series,  one  having  pentene  (C*H*) 
for  pivot,  the  other  benzine  (C'H*).  In  this  case  the  benzine  known 
would  not  be  xftethyl-pentene,  and  this  latter  body,  isomeric  with  it, 
would  remain  to  be  discovered. 

However  it  may  be,  M.  Kekul^'s  theory  cannot,  as  yet,  be  accepted 
as  certain ;  it  requires  further  proofs ;  but  as  it  explains  facts  which 
without  it  are  inexplicable,  it  may  be  so  far  accepted  imtil  it  is  either 
perfectly  demonstrated  or  completely  controverted. 

Hydrocarbides  having  the  Formula  OH*""*. — In  this  series  only 
phenylene  (C'H*),  cinnamene  (C®H"),  and  an  isomer  of  this  latter 
body,  metastyrol,  are  known ;  phenylene  having  scarcely  been  studied, 
we  can  only  speak  here  of  cinnamene  and  its  isomer. 

Pbepabatio?^.-— Cinnamene  is  obtained  by  submitting  a  mixture  of 
one  part  of  cinnamic  acid  and  four  parts  of  oxide  of  barium  to  distilla^ 
tion  : 

(C'H«0»)     +     (BaO)     =     (C»H«)     +     (CBaO») 

Cinnaiulc  Oxide  of  Cliuiamene.  Carbonate 

acid.  barium.  of  bAriuin. 

It  is  also  prepared  by  distilling  storax  with  water  charged  with 
carbonate  of  sodium.  When  heated  to  200°,  it  is  converted  into  a  solid 
polymer,  metastyrol.  This  latter,  submitted  to  distillation,  re-forms 
cinnamene.  It  was  believed  for  a  long  time  that  cinnamene  prepared 
hy  means  of  storax,  and  to  which  the  name  of  styrol  was  given,  was 
isomeric  with  that  obtained  by  means  of  cinnamic  acid.  But  this  was 
an  error.     These  two  products  are  identical. 

Properties. — Cinnamene  is  attacked  by  bromine  and  chlorine,  and 
forms  a  bibromide  and  a  bichloride  (C^«Br»)  and  (C^H'CP).  These  new 
bodies  treated  by  alcoholic  solution  of  potash  appear  to  lose  (HCl)  or 
(HBr),  and  leave  chlorinated  or  hrominated  cinnamene ;  cinnamene 
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ought  therefore  to  be  regarded  as  a  biatomio  radicle.  Laurent 
BtAtes  that  he  has  obtained  a  hexachloride  of  biohlorinated  cinnamene 
(C*H*CPCr).  This  fact  requires  confirmation ;  if  it  be  verified,  we 
shall  be  obliged  to  admit  the  hexatomicity  of  this  radicle. 

Metastyrol  is  solid,  it  reacts  with  great  difiiculty  on  bromine,  and 
evidently  has  a  formula  a  multiple  of  (C"H*),  but  this  formula  has  not 
yet  been  determine.  All  these  hydrocarbides  submitted  to  the  action 
ornitrio  acid  give  rise  to  nitrogenized  derivatives. 

Hydrocarbides  having  the  Formula  (C"H**~"). — Only  one  hydro- 
carbide  (C^n^),  which  has  been  little  studied,  is  as  yet  known  in  this 
series.  It  is  prepared  by  dehydrating  cholesterine.  It  is  probable 
that  another  would  be  obtained  by  heating  brominated  cinnamene  with 
ethylate  of  sodium. 

Hydrocarbides  having  the  Formula  OH**  ~  ".  —  Only  naphthalin 
and  its  isomers  belong  to  this  series. 

Naphthalin  is  a  solid  hydrocarbide  which  is  accidentally  produced  in 
the  manufacture  of  coal-gas;  it  is  perfectly  colourless,  and  has  an 
odour  of  tar ;  its  taste  is  bitter  and  aromatic ;  its  density  is  1*153  at 
18°.  When  sublimed  or  when  dissolved  in  alcohol  it  is  obtained  crys- 
tallized in  very  thin  rhombic  plates ;  but  when  its  ethereal  solution  is 
left  in  a  vessel  partially  covered  to  retard  the  evaporation,  its  crystals 
are  very  transparent  and  much  more  voluminous. 

Naphthalin  unites  directly  with  four  atoms  of  chlorine  or  bromine  : 
above  this  term  these  metalloids  only  give  rise  to  products  of  substitu- 
tion ;  the  tetrachloride  and  tetrabromide  of  naphthalin  are  therefore 
saturated,  and  we  have  reason  to  suppose  that  if  hydrogen  were  substi- 
tuted for  the  chlorine  or  bromine,  the  carbide  of  hydi-ogen  (C*®H") 
which  would  be  obtained  would  also  be  saturated. 

According  to  M.  Chancel,  the  dry  distillation  of  benzoate  of  calcium 
produces  two  isomers  of  naphthalin.  Up  to  the  present  time  a  quantity 
of  these  bodies  sufficient  to  determine  their  properties  has  not  been 
obtained,  and  their  capacity  for  saturation  is  not  known. 

Hydrocarbides  having  the  Formula  C"H*'-*«.  —  Stilbene  (C"ff*), 
which  is  prepared  by  distilling  sxdphuretted  benzoic  aldehyd,  is  placed 
in  this  series. 

Excepting  the  hydrocarbides  of  these  series,  none  are  known  with 
certainty.  It  is  true  that  a  compound  has  been  spoken  of  which  would 
answer  to  the  formula  (C^**),  that  is  to  say,  to  the  general  formula 
C"H*"~'*,  but  ihe  existence  of  such  a  body  is  extremely  doubtful. 


HYDROCARBON  RADICLES. 

Each  saturated  hydrocarbide  on  losing  one,  two  .  . .  n  atoms  of 
hydrogen,  gives  rise  to  monatomic,  biatomic,  etc.,  radicles.  We  must 
study,  1st,  free  i-adicles  ;  2ndly,  the  products  to  which  they  give  rise. 
For  greater  convenience  we  will  place  all  these  products  with  the 
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hydrates  of  these  radicles;  that  is  to  say,  with  the  aloohols.  This 
stady  will  thus  be  divided  into  two  parts :  Ist,  free  radicles ;  2ndy 
alcohols.  We  will,  however,  study  separately  the  derivatives  of  these 
radicles  which  belong  to  the  ammonia  type,  and  those  of  their  binary 
oomponnds  which  contain  metals. 


FREE    BADICIiEB. 

BadioleB  of  uneven  Atomicity. — When  the  iodides  of  these  radicles 
are  submitted  to  the  action  of  zinc,  iodine  is  eliminated  in  the  state  of 
iodide  of  zinc,  and  a  hydrocarbide  is  liberated : 

Iodide  of  ethyl.  Zinc.  Iodide  of  dnc. 

Hydrocarbides  identical  with  the  preceding  are  also  obtained  when 
potassio  salts  of  monatomic  acids  are  submitted  to  electrolysis ;  only 
in  this  case  the  hydrocarbide  obtained  is  not  that  which  would  be 
given  by  the  iodide  derived  from  the  alcohol  corresponding  to  the 
acid  employed,  but  its  second  inferior  homologne.  Thus,  while  iodide 
of  ethyl  gives  the  hydrocarbide  (C*H^°),  the  electrolysis  of  acetate  of 
potassium  furnishes  the  compound  (C^H^). 

(H«0)     +     2(C*BPK0»)     =     (CK^)    +    ff    +    (CO*)    +    C*H» 

Water.  Acetate  of  Carbonate  Hydrogen.  Carbonic 

potasBinm.  of  potassiam.  anhydride. 

Until  recently  these  hydrocarbides  were  considered  as  free  mona- 

nil*  ( )  '* 
CW  I  )'  corresponding  to  tt  [ ;  recent  experiments 

have  made  the  constitution  attributed  to  these  compounds  doubtful. 
Their  molecule  is  simple,  and  they  ought  to  be  placed  by  the  side  of 
the  hydrocarbides  we  have  studied,  of  which  in  this  case  they  would 
only  be  physical  isomers. 

Thus,  from  this  point  of  view,  and  supposing  that  they  are  not  quite 
identical,  free  methyl  (C'H")  would  be  a  simple  physical  isomer  of 
hydride  of  ethyl ;  free  ethyl  (C*H***)  would  be  a  physical  isomer  of 
hydride  of  butyl,  etc. 

Monatomic  hydrocarburetted  radicles  therefore  probably  do  not 
exist  in  a  free  state,  and  are  only  found  in  the  groups  of  compounds 
whence  ihey  are  derived. 

As  yet  only  two  series  of  monatomic  radicles  are  known;  these 
are : 
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FiROT  Series. 

Methyl C  H» 

Ethyl C"ff 

Propyl CH' 

Butyl G'W 

Amyl Cff' 

Hexyl C«ff» 

Heptyl Cir» 

Octyl C'lT^ 

Nonyl C'H" 

Deoyl C"H" 

Undecyl C"H' 

Bidecyl        C"H 

Tridecyl C^'IT" 

Totradeoyl C"H» 

Pentadeoyl C"H" 

Hoxadeoyl C"H« 

Ceryl C"H» 

Myryoyl C"H" 

Seoond  Series. 

Phenyl C«H* 

Benzyl C  IT 

Tolyl C'H* 

Xylenyl C»H" 

Cumyl C^W 

Monatomio  radiclee  of  the  other  series  have  the  same  composition  as 
the  triatomic  radicles  we  will  mention.  It  is  possible  that  they  may 
differ  from  these  latter  by  the  dugree  of  i*eciprocal  saturation  of  their 
carbon.  In  this  case  the  bodies  in  which  they  act  as  monovalent  would 
be  simple  non-saturated  molecules.     The  following  are  known  : 

Formyl CH'" 

Acetyl C»H»'" 

AUyl  or  glyceryl CH"" 

Valeryl C*H»'" 

An  unnamed  radicle C'H"'" 

Cinnamyl CH"" 

A  very  small  number  of  pentatomic  radicles  are  also  known ;  these 
are :  the  radicle  ((?R^)  in  pinite  (^'§7}  0»\  and  the  radicle  (C»»m) 
which  is  derived  from  tetratomic  naphthalin  by  the  elimination  of 

H,  and  the  monohydrate  of  which  (      h   i  ^)  ^^^  ^^^  recently  dis- 
covered. 
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It  is  possible  that  the  radicle  (C^*^')  of  Borneo  camphor  belongs  to 
this  class,  but  its  state  of  satnration  is  imperfectly  known. 

Up  to  the  present  time  no  bodies  are  known  of  hydrocarburetted 
radicles  having  an  uneven  atomicity  greater  than  five. 

Badicles  of  even  Atomiolty. — ^These  radicles  have  the  same  compo- 
sition as  the  non-saturated  hydrocarbides  whose  existence  we  have 
theoretically  admitted.  Are  they  identical  with  these  hydrocarbides 
or  not?  In  other  words,  do  they  exist  in  a  free  state  as  radicles,  that  is 
to  say,  as  non-saturated  molecules,  or  are  they  hydrocarbides  which 
are  saturated  when  free,  and  only  cease  to  be  so  on  contact  with 
certain  reagents  ?    The  question  is  difficult  to  decide. 

The  possibility  of  the  existence  of  incomplete  molecules  cannot  be 
doubted ;  the  protochloride  of  phosphorus,  ammonia,  oxide  of  carbon, 
etc.,  are  certainly  molecules  of  this  kind.  We  do  not  know  whether 
such  molecxQes  exist  in  the  special  case  of  hj'drogenized  compounds  of 
carbon. 

However  it  may  be,  supposing  that  radicles  of  even  atomicity  do 
not  exist  any  more  than  those  of  uneyen  atomicity,  in  an  isolated  state, 
their  compounds  will  be  easily  formed  by  means  of  the  hydrocarbides 
whichy  according  to  this  hypothesis,  would  be  their  isomers. 


ALCOHOLS. 

Alcohols  are  bodies  which,  are  derived  from  a  fundamental  hydro- 
cai*bide  by  the  substitution  of  hydroxyl  for  hydrogen. 

i-m        HI) 

Hydride  of  ettiyL  AlooboL 

The  hydrogen  of  hydroxyl  being  only  united  to  the  carbon  by 
means  of  oxygen,  it  may  be  said  that  the  oxygen  joins  an  atom  of  hy- 
drogen to  the  group  (CH^),  and  that  alcohol  is  a  hydrate  of  this  latter 
radicle. 

((?H')  (^"hV) 

EtbyL  Hydrate  of  ethyl 

(aloobol). 

It  is  very  evident  that  both  these  formulae  of  alcohol  expressing  the 
same  &ct,  are  useful,  and  that  either  one  or  the  other  may  be  chosen 
according  to  circumstances. 

There  are  alcohols  which  result  from  the  substitution  of  a  single 
atom  of  hydroxyl  for  H,  these  are  called  monatomic ;  others  which 
result  from  the  substitution  of  two,  three  .  .  .  n  atoms  of  hydroxyl 
for  H,  and  are  called  bi,  tri,  n  atomic.  Alcohols  are  known  whose 
atomicity  rises  as  high  as  six. 
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MONATOMIC  ALCOHOLS. 

Monatomic  alcohols  contain  a  single  atom  of  typical  hydrogen,  which 
may  be  replaced,  either  by  the  radicle  of  the  alcohol  itself,  in  which 
case  an  ether,  properly  so  called,  is  produced ;  or  by  the  radicle  of 
another  alcohol,  when  a  mixed  ether  is  formed ;  or,  again,  by  an  acid 
radicle,  in  which  case  a  compound  ether  is  produced. 

Moreover,  these  alcohols  can  exchange  the  group  (OH)  for  chlorine, 
bromine,  iodine,  or  fluorine,  and  give  lise  to  the  simple  ethers. 

It  may  therefore  be  stated  that,  if  alcohols  are  the  hydrates  of  hydro- 
carbides,  the  ethers  proper  are  the  anhydrides  of  these  hydrocarbides ; 
mixed  ethers  are  the  double  anhydrides ;  simple  ethers  the  haloid 
salts,  and  compound  ethers  the  oxygenated  salts. 

Monatomic  alcohols  are  divided  into  primary,  secondary,  tertiary, 
etc.,  alcohols,  according  to  the  manner  in  which  their  different  atoms  of 
carbon  are  united.  If  the  atoms  of  carbon  are  united  in  such  a  manner 
that  those  in  the  centre  exchange  two  affinities  with  the  adjoining 
atoms  of  carbon,  and  those  on  the  outside  only  one,  they  are  primary 
alcohols.     Thus  ethylic,  propylic,  etc.,  alcohols — 


(° 


C  ^     O 

(t    I    i    i-^(i)  a)(i — r^  ._    C^" 

®  (D  (EdZTZEZD®     -        H 

-g-  C         H 

Ethylic  aloohol. 

C  iL  C         H  ^^ 

( >     I     f^J  0)  CD  Cn  I     i     t )  (D     _    C"H7)  ^ 

(!)  ®  (j)(i     ■     I  _AJ(D  ®  OZX)    "        Hi 

Propylic  alcoboL 

are  primary  alcohols. 

If  in  a  primary  alcohol  H  be  replaced  by  the  radicle  methyl  (CH'),  a 
secondary  alcohol  is  obtained ;  if  two  atoms  of  H  be  replaced  by  two 
atoms  of  methyl,  a  tertiary  radicle  is  obtained,  and  so  on.  Thus  the 
isopropylic  aloohol — 

r  .  C  H 

(■    ■■  i    o(ftC|  n— n 
(!)  0)  ®       H  O    ^    C"HXCH»))  o 

®>H 

J 

is  a  secondary  alcohol,  and  the  trimethylated  methylic  aloohol — 
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is  a  tertiaiy  alcohol. 

Only  primary,  secondary,  and  tertiary  alooliols  are  known  as  yet ; 
the  primary  alcohols  are  much  the  best  known  and  the  most 
important. 


PRTMAHY  MONATOMIC  ALCOHOIiS. 

Preparation. — Primary  monatomic  alcohols  may  be  obtained  either 
by  means  of  the  corresponding  saturated  hydrocarbides,  or  of  carbu- 
retted  hydrogens  which  are  radicles  of  uneven  atomicity,  or  of  aldehyds, 
or  finally  of  glycols. 

First  Method, — In  order  to  prepare  alcohols  by  means  of  saturated 
hydrocarbides,  these  are  treated  by  chlorine  or  bromine.  A  mono- 
chlorinated  or  monobrominated  product  of  substitution  is  obtained 
which  is  identical  with  the  chloride  or  bromide  of  the  coiTesponding 
alcohol  radicle.  This  product,  submitted  to  the  action  of  the 
acetate  of  silver  or  of  potassium,  furnishes  acetic  ether  (the  acetate  of 
the  alcohol  radicle),  and  acetic  ether,  treated  by  potash,  is  resolved 
into  acetate  of  potassium  and  alcohol : 


Ist. 


M 


+ 


Hydride 
of  methyL 


ci 

Chlorine. 


I  ■ 


*''  -  (gf) 


+ 


Hydrochloric 
add. 


Chloride  (^ 
methyl. 


2nd. 


/CH' 


1^1)  + 


Chloride  of 
methyL 


Acetate  of  silYer. 


-  (cS)  0)  +  m) 


Aoet&teof 
methyl. 


Chloride 
ofbilver. 


3rd.  (^.Cff }  o) 

Acetate  of  methyL 


+ 


(|}o)   =   C^fo) 


+ 


/CH» 


I") 


Fbtadi. 


Acetate  of 
potaaBiom. 


MethyUc 
aloohoL 


Second  Method. — ^The  carburetted  hydrogens  which  act  as  radicles  of 
even  atomicity  may  unite,  according  to  their  capacity  for  saturation, 
with  one  or  several  molecules  of  hydrochloric,  hydrobromic,  or  hydri- 
odio  acid.  If  they  are  combined  with  a  single  molecule  of  these  acids, 
bodies  are  obtained  which  are  afterwards  transformed  into  alcohols  by 
the  successive  action  of  acetate  of  silver  and  of  potassium,  as  in  the 
preceding  case : 
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Ethylene.  Hydrocbloric  Chloride  of 

add.  eCfayL 

M.  Berthelot^  to  whom  we  owe  the  disoovery  of  this  process,  believed 
it  to  be  generaL  But  M.  Wartz  has  since  found  that  this  is  not  the 
case.  Ordinary  alcohol  alone  can  be  prepared  in  this  manner ;  in  all 
other  cases  isomers  of  the  true  alcohols  are  obtained  (9$e  Pseudo- 
alcohols). 

These  hydrocarbides  may  also  be  transformed  into  alcohols  by  com- 
bining them  with  concentrated  sulphuric  acid  and  then  distilling  the 
product  with  water : 


1st. 


2nd. 


Sulpharto  add.  Kthylcne.  Ethyl-sulphaTic 

add. 

Elhyl-snlphurlc  Water.  Sulphuric  add.  AloohoL 

add. 


This  method  also  appears  to  give  pseudo-alcohols,  except  in  the  cases 
of  ordinary  and  propylic  alcohols.  It  is  less  general  than  the  pre- 
ceding one.  Sulphuric  acid,  in  fact,  modifies  certain  hydrocarbides, 
and  transforms  them  into  polymers,  on  which  it  has  no  action. 

Third  Method, — ^Alcohols  may  be  prepared  from  the  aldehyds  by  two 
processes. 

The  first  consists  in  causing  alcoholic  solution  of  potash  to  act  on 
the  aldehyd ;  a  potassic  salt  of  the  acid  corresponding  to  this  aldehyd 
is  formed,  and  the  alcohol  of  the  same  series :    * 

.((TH^,)    +    (1)0)    =    (^)O)    +    (-^[O) 

Benzoic  aldehyd.  PotadL  Benaoateof  Ben^caloohoL 

potaaBtom. 

This  method  can  only  be  applied  to  the  alcohols  derived  from  hydro- 
carbides  of  the  general  formula  C'H*""'  (aromatic  series) ;  however,  by 
modifying  it  a  little,  and  replacing  alcoholic  potash  by  slaked  lime, 
M.  Fittig  has  transformed  oenanthylic  aldehyd  {(JB}K>)  into  heptylio 
alcohol  (CTH^O),  and  valeric  aldehyd  (C*H»°0)  into  amylic  alcohol 
(0*H«0). 

The  second  process  consists  in  causing  nascent  hydrogen,  developed 
by  means  of  sodium  amalgam,  to  act  on  the  aldehyds.  It  succeeds  not 
only  with  aldehyds,  but  also  with  the  isomers  of  these  bodies.  Thus 
ordinary  alcohol  is  obtained  by  causing  nascent  hydrogen  to  act  either 
on  the  aldehyd  or  on  its  isomer,  the  oxide  of  ethylene : 
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((?H«0)    +    |l     =     (0»H«o) 

Akiefayd,  or  Hydrogen.  AIoohoL 

oadde  of  ethylene. 

Fourth  Method. — When  ammonia  is  treated  by  nitrons  acid,  water  and 
free  nitrogen  are  obtained : 

Ammonia.  Nitroni  add.  Water.  Nitrogen. 

Now,  snpposing  an  atom  of  the  hydrogen  of  the  ammonia  to  be 
replaced  by  a  radicle  of  alcohol,  as  takes  place  in  the  compound 
ammonias,  it  is  evident  that  one  of  the  two  molecxQes  of  water  which 
form  in  the  reaction  woxQd  have  one  of  its  atoms  of  hydn^en  replaced 
by  the  same  radicle : 

(T}k)    +    ("Ofo)    =    (H|o)    +    (T}0)    +    g} 

Etbylamine.  Nitrons  acid.  Water.  AloohoL  Nitrogen. 

In  this  case  the  alcohol  obtained  is  transfoimed  into  nitrons  ether  on 
contact  with  the  excess  of  nitrons  acid,  and  the  operation  mnst  be 
completed  by  decomposing  the  ether  thns  formed  by  potash. 

Fifth  Meihod,—ld.GnsLtomio  alcohols  are  also  obtained  from  the 
glycols.  On  submitting  the  monochlorhydrins  of  these  bodies  to  the 
action  of  nascent  hydrc^en,  the  chlorine  is  replaced  by  hydrogen,  and 
the  alcohol  sought  for  is  formed : 


;;.i  +  i 


(    =     (^11)    -    (h) 


Monochlorliydrin  Hydrogen.  AlcohoL  Hydrochloric 

ofgiyooL  add. 

Properties. — 1st.  Action  of  Oxidanis. — ^Tinder  the  influence  of  oxi- 
dizing agents,  all  the  alcohols  are  capable  of  losing  two  atoms  of  H 
which  are  not  replaced.  The  bodies  thus  produced  are  called  aldehyds. 
The  alcohols  can  also  exchange  H'  for  0,  and  produce  acids. 

(1).    2((?H*0)      4-      0«       =       2(H«0)      +      2(C«H^) 

AIcohoL  Oxygen.  Water.  Aldehyd. 

(2.)    (C'H'O)      -f-      0»      =       (H»0)      4-      ((TH*©*) 

Alcohol.  Oxygen.  Water.  Acetic  acid. 

2nd.  Action  of  Dehydrants. — Under  the  influence  of  dehydrating 
agents,  alcohols  lose  (HK))  and  give  rise  to  a  hydrocarbide : 

(C'HK))       =       (HH))      +      (C'H*) 

Alcohol.  Water.  Ethylene. 
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Two  atoms  of  alcohol  can  also  lose  (H'O)  and  be  transformed  into 
an  ether  proper : 

2{Cm'0)       =       (H'O)      +      (C*H"0) 

Alcohol.  Water.  Ether. 

These  reactions  are  well  marked  only  in  the  series  of  alcohols  which 
correspond  to  the  hydrocarbides  C"H*'+*  (the  fetty  series). 

3rd.  Action  of  Chlorides,  Bromides^  and  Iodides  of  Phosphorus, — 
When  treated  by  the  chloride,  bromide,  or  iodide  of  phosphorus,  they 
lose  the  residue  (HO)  for  which  CI,  Br,  or  I,  is  substituted  ;  thus,  a 
chloride,  bromide,  or  iodide  of  the  radicle  of  the  alcohol  is  produced, 
along  with  phosphorous  or  phosphoric  acid,  according  as  proto  or 
perchloride,  or  bromide  have  been  employed,  and  the  hydracid  of 
chlorine,  bromine,  or  iodine : 

*(^  )  O)  +  (PC..)  =  .(^  0  +'(=})  +  {^}  o) 

AloohoL  Perchloride  Chloride  of  Hydrochloric  Phosphoric 

ofphoephonu.  ethyL  add.  add. 

In  reality,  this  reaction  has  two  stages,  as  the  following  equations 
show: 

First  Stage. 
(T  [  0)    +    (PCI.)     .     (P0..0)    +    (H  I)    +    (O^-j) 

AloohoL  Perdiloride  Ozychloride  Hydrochloric  Chloride  of 

of  pboephorut.  of  phoq)horus.  add.  ethyL 

Second  Stage. 

KT}o)  +  ^-o  -  (T(o-)  +  »n;}) 

Alcohol.  Ozychloride  Phoq;>horic  add.  Chloride  of  ethyL 

ofphoeph< 


lorua. 


4.  Action  of  Acids, — When  treated  by  acids  at  a  temperature  vary- 
ing according  to  the  strength  of  these  latter,  double  decomposition 
takes  place,  and  water  and  a  compound  ether  are  formed : 

(T 1 0)  +  r^))  o)  -  c^. }  0)  +  (I }  0) 

AlflohuL  Acetic  add.  Acetic  ether  Water. 

(acetate  of  ethyl). 

These  ethers  being  decomposed  by  water,  it  always  happens  that 
there  is  a  moment  in  these  reactions  when  the  decomposing  action  of 
the  water  formed  neutralizes  the  opposite  action  of  the  affinities  of 
the  acid  and  alcohol.  The  action  is  then  arested,  though  the  mix- 
ture still  contains  a  certain  proportion  of  acid  and  alcohol,  which 
remain  free.  M.  Berthelot  thence  concludes  that,  nothing  of  the  kind 
being  produced  in  the  action  of  acids  on  bases,  the  compound  ethers 


I 
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cannot  be  compared  to  Baits.  This  conclusion  cannot  be  accepted. 
The  phenomenon  in  question  is  owing  to  the  respective  affinities  of 
the  bodies  of  which  we  speak,  and  not  to  the  constitution  of  the  com- 
pounds which  are  formed ;  it  is  probable  that  if,  instead  of  causing 
strong  acids  to  act  on  potash,  weak  acids  were  made  to  act  on  the 
hydrated  oxides  of  tin  or  antimony,  phenomena  analogous  to  those 
observed  with  the  alcohols  would  be  obtained. 

A  simple  or  compound  ether  is  produced,  according  to  whether  the 
acid  acting  on  an  alcohol  be  a  hydracid  or  an  oxyacid. 

5th.  Action  of  AUccUtes  on  the  Alcohols. —  Under  the  influence  of 
fused  potash,  the  alcohols  disengage  hydrogen  and  g^ive  the  potassic 
salt  of  the  acid  which  corresponds  to  them. 

m  -  (hio)  =  (oil)  -  <sf) 

AlcohoL  Potash.  Acetate  of  ^Uydrosen. 

potasislum. 

6th.  Action  of  the  Halogen  MetdUoids. — The  alcohols  when  sub- 
mitted to  the  influence  of  chlorine  or  bromine  first  lose  two  atoms  of 
h3'drogen  which  are  not  replaced.  The  other  atoms  of  hydrogen  are 
then  replaced  by  these  metalloids.  All  may  be  replaced  except  one, 
which  is  probably  the  typical  hydrogen  of  the  alcohol :  • 

(•T}o)  +  *(§})  -  KSO  +  (-^o^) 

AIooboL  Chlorlue.  Hjdrocfaloric  GbloraL 

add. 

7th.  AeUon  of  the  AOcaUne  MeiaU. — The  alkaline  metals  react  strongly 
on  monatomic  alcohols,  disengaging  hydrogen  and  being  themselves 
substituted  for  the  hydrogen  eliminated  : 

»rf)o)  +  If  =  k-^kJo)  +  ii 

AloohoL  Potassium.  Jfitbylate  of  potaasinm.  Hydrogen. 

8  th.  Action  of  Hydrogen. — ^Many  alcohols  belonging  to  less  hydro- 
genized  series  than  that  expressed  by  the  general  formula  C"H''*'^*0 
can  combine  with  nascent  hydrogen  and  pass  to  the  state  of  more 
hydrogenized  alcohols  of  another  seiies.  Ally  lie  and  probably  cin- 
namic  alcohol  present  this  characteristic. 

AUyllc  aloohoL  Hydrogen.  PropyUc  alooboL 

These  alcohols  appear,  also  to  be  capable  of  uniting  directly  with 
bromine,  at  least  M.  Reboul  has  stated  that  their  ethers  possess  this 
property. 
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Two  atomB  of  alcohol  can  also  lose  (H^O)  and  be  transformed  into 
an  ether  proper : 

2(C^«0)       =       (H'O)      +      (C^ff^^O) 

Alcohol.  Water.  Ether. 

These  reactions  are  well  marked  only  in  the  series  of  alcohols  which 
correspond  to  the  hydrocarbides  C*H**+*  (the  fatty  series). 

3rd.  Action  of  CMorides,  BronUdeSj  and  Iodides  of  Phoaphorua. — 
When  treated  by  the  chloride,  bromide,  or  iodide  of  phosphorus,  they 
lose  the  residue  (HO)  for  which  CI,  Br,  or  I,  is  substituted  ;  thus,  a 
chloride,  bromide,  or  iodide  of  the  radicle  of  the  alcohol  is  produced, 
along  with  phosphorous  or  phosphoric  acid,  according  as  proto  or 
perchloride,  or  bromide  have  been  employed,  and  the  hydracid  of 
chlorine,  bromine,  or  iodine : 

.(^ )  0)  +  (PC..) .  .(z  0  +  '(g  0  +  (Tl  «•) 

AloohoL  Perchloride  Chloride  of  Hydrochloric  Phosphoric 

of  pbosphorua.  ethyL  add.  add. 

In  reality,  this  reaction  has  two  stages,  as  the  following  equations 
show: 

First  Stage. 
(T  [  0)    +    (PC)    .    (PC^)    +    (H, ))    ^    (O^-j) 

AlcohoL  Perdiloride  Ozychloride  Hydrochloric  Chloride  of 

of  phosphoma.  ofphoq)horu8.  add.  etbyL 

Second  Stage. 
3(0'H-}o)      +      PCIH,       .       (■■^(0.)      +      3(0^;  I) 

Alcohol.  Ozychloride  Phoq;>horic  add.  Chloride  of  ethyl. 

of  phoaidK 


loma. 


4.  Action  of  Adds. — When  treated  by  acids  at  a  temperature  vary- 
ing according  to  the  strength  of  these  latter,  double  decomposition 
takes  place,  and  water  and  a  compound  ether  are  formed : 

AlcohoL  Acetic  add.  Acetic  ether  Water. 

(acetate  of  ethyl). 

These  ethers  being  decomposed  by  water,  it  always  happens  that 
there  is  a  moment  in  these  reactions  when  the  decomposing  action  of 
the  water  formed  neutralizes  the  opposite  action  of  the  affinities  of 
the  acid  and  alcohol.  The  action  is  then  arested,  though  the  mix- 
ture still  contains  a  certain  proportion  of  acid  and  alcohol,  which 
remain  free.  M.  Bei-thelot  thence  concludes  that,  nothing  of  the  kind 
being  produced  in  the  action  of  acids  on  bases,  the  compound  ethers 
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cannot  be  oompared  to  Baits.  This  conclusion  cannot  be  accepted. 
The  phenomenon  in  question  is  owing  to  the  respective  affinities  of 
the  bodies  of  which  we  speak,  and  not  to  the  constitution  of  the  com- 
pounds which  are  formed ;  it  is  probable  that  if,  instead  of  causing 
strong  acids  to  act  on  potash,  weak  acids  were  made  to  act  on  the 
hydrated  oxides  of  tin  or  antimony,  phenomena  analogous  to  those 
obseiTod  with  the  alcohols  would  be  obtained. 

A  simple  or  compound  ether  is  produced,  according  to  whether  the 
acid  acting  on  an  alcohol  bo  a  hydracid  or  an  oxyacid. 

5th.  Action  of  AlkcUies  on  the  Alcohols. —  Under  the  influence  of 
fused  potash,  the  alcohols  disengage  hydrogen  and  give  the  potassic 
salt  of  the  acid  which  corresponds  to  them. 

Alcohol  Potash.  Acetate  of  ^Hydrogen. 

poto^islum. 

6th.  Action  of  the  Halogen  Metalloids, — The  alcohols  when  sub- 
mitted to  the  influence  of  chlorine  or  bromine  first  lose  two  atoms  of 
hydrogen  which  are  not  replaced.  The  other  atoms  of  hydrogen  are 
then  replaced  by  these  metalloids.  All  may  be  replaced  except  one, 
which  is  probably  the  typical  hydrogen  of  the  alcohol :  • 

AloohoL  Ghloriue.  Hydrochloric  GbloraL 

add. 

7th.  AcHon  of  the  AUcaUne  Metals. — The  alkaline  metals  react  strongly 
on  monatomic  alcohols,  disengaging  hydrogen  and  being  themselYes 
substituted  for  the  hydrogen  eliminated  : 

AloohoL  Fotasalum.  Ethylate  of  potaaiiunL  Hydrogen. 

8  th.  Action  of  Hydrogen. — ^Many  alcohols  belonging  to  less  hydro- 
genized  series  than  that  expressed  by  the  general  formula  C"H*'+'0 
can  combine  with  nascent  hydrogen  and  pass  to  the  state  of  more 
hydrogenizod  alcohols  of  another  seiies.  Allylic  and  probably  cin- 
namic  alcohol  present  this  characteristic. 

(T|o)  +  gf   -  (Tfo) 

Allylic  alcohol  Hydrogen.  Propyllc  alcohol 

These  alcohols  appear,  also  to  be  capable  of  uniting  directly  with 
bromine,  at  least  M.  Reboul  has  stated  that  their  ethers  possess  this 
property. 
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Ethebs  of  the  Primary  Alcohols. 

We  have  seen  tliat  the  name  ether  has  been  given  to  a  series  of 
bodies  which  arise  from  the  substitution  either  of  an  acid  or  of  an 
alcohol  radicle  for  the  atom  of  typical  hydrogen  these  alcohols  contain, 
or  from  the  substitution  of  a  halogen  metalloid  for  the  hydroxyl  of 
the  alcohols.  We  will  divide  the  ethers  into  two  large  classes — those 
which  contain  acid  radicles  and  those  which  do  not. 

XSthers  oontalning  Acid  Badiolee. — These  may  be  divided  into 
simple  and  compound  ethers. 

Simple  Ethers. — Preparation. — These  are  easily  prepared,  either  by 
causing  the  hydracids  of  chlorine,  bromine,  or  iodine,  to  act  on  the 
alcohols,  or  by  treating  the  latter  by  the  chlorides,  bromides,  or  iodides 
of  phosphorus.  They  may  also  be  obtained  by  substituting  the  chlo- 
rine or  bromine  for  hydrogen  in  the  fundamental  hydrocarbide  of  the 
series.  The  hydrocyanic  ethers  are  obtained  by  double  decomposi- 
tion, on  causing  cyanide  of  potassium  to  act  on  hydrochloric  ethers,  or 
on  the  potassic  salts  of  acid  ethers. 

(cM)  +  {t}"-)  -  {^'l"-)  +  (ThJ) 

Cyanide  of  Amyl-sulphate  of  Sulphate  of  Qyanldeof 

potassium.  potaaafum.  potaaaium.  amyL 

Properties. — a.  Simple  ethers,  treated  with  zinc,  give  a  haloid  salt  of 
zinc  and  a  combination  of  zinc  with  the  alcohol  radicle.  This  latter 
body,  in  presence  of  a  fresh  quantity  of  the  simple  ether,  liberates 
a  hydrocarbide,  which  hitherto  has  been  considered  as  the  radicle  of 
the  alcohol,  but  which  has  perhaps  quite  another  constitution.  (^See 
Hydrocarburetted  Eadicles.) 

<"T})  +  ^  -  n)  +  ((c-i?;}) 

Iodide  of  ethyL  Zinc.  Iodide  of  Ethvlide  of  xinc 

sine.  (sine-ethyl). 

(«4";})  +  K'^Ti)  =  (^-i;})  H-  (c'H-) 

Ztno-ethyl.  Iodide  of  ethyL  Iodide  of  zinc 

p.  Simple  ethers,  treated  by  water  and  zinc  at  200°,  give  rise  to  the 
fundamental  hydrocarbide  of  the  series.  (See  Saturated  Hydrocarbides.) 

y.  Submitted  to  the  action  of  salts  of  silver  or  of  potassium,  the  simple 
ethers  give  rise  to  a  double  decomposition,  in  which  a  metallic  haloid 
salt  and  a  compound  ether  are  produced : 

Chloride  of  Acetate  of  silver.  Chloride  Acetate  of  ethyl, 

ethyl.  of  silver. 
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Compound  Ethers. — Preparation, — ^There  are  five  piooesses  by  which 
these  ethers  are  prepared : 

a.  The  acid  is  mixed  with  alcohol.  If  the  acid  be  strong,  the 
reaction  takes  place  in  the  cold ;  if  the  acid  be  weak,  the  mixture  must 
be  heated  in  sealed  tubes,  at  a  temperature  which  varies  with  the 
bodies  to  be  formed. 

p.  A  salt  of  silver  is  made  to  act  on  a  simple  ether  of  the  alcohol  of 
which  a  compound  ether  is  to  be  obtained : 


Chloride  of 
benxUe. 


+ 


r^]  o)  -  ■^f  +  (ggio)  0) 


Acetate  of  sUver. 


Chloride  of 
silver. 


Acetate  of  benzile. 


y.  The  chloride  of  an  acid  radicle  is  made  to  act  on  an  alcohol,  or 
on  its  sodic  derivative.  Either  hydrochloric  acid  or  a  metallic  chloride 
is  produced,  and  at  the  same  time  a  compound  ether : 


(T}o) 

EtbyUtte  of 
BodtmiL 


+ 


Chloride  of 
batyrjL 


-  r.s}o) 


+ 


Bntiyrate  of 
ethyl. 


Nal 
Clf 

Chloride 
of  HodiniiL 


S.  An  acid  anhydride  is  made  to  react  on  an  alcohol  or  on  a  simple 
ether: 

Acetic  uhydrlde.  Acetate  of  etbyl.  Acetic  add. 


nio) 


Alcohol. 


Acetic  uhydrlde.  Acetate  of  etbyl. 

(gg:}o)  +  (sew)   =   (c|;}o.) 


Ether. 


SalphTETlc 
anhydride. 


Neatral  Bulphste 
of  ethyl 


c.  An  acid  is  made  to  react  on  an  alcohol  in  presence  of  another 
stronger  acid,  such  as  sulphuric  or  hydrochloric  acid.  It  is  probable 
that  there  are  two  stages  in  these  reactions.  When  sulphuric  acid  is 
employed  there  would  be  formed,  according  to  this  hypothesis,  a  sul- 
phovinic  acid,  which  on  contact  with  the  second  acid  would  re-form 
the  sulphuric  acid  and  give  rise  to  a  compound  ether : 

FiBST  Stage. 


(-^jo)  +  (*2;(o.)  .  (^;}o.)  +  (i}o) 


Alcohol. 


Balphttric  add. 


/SO"': 

|C»H' 
\    H 

Solphovinic  add. 


Water. 


Second  Stage. 


(^jo.)  +  (^H^jo)  =  (*s:(o.)  +  (<^)0) 


/S0«"1    ' 

\  T 

Snlphovinlc  add. 


Bcnsdcadd. 


Sutphaifc  add. 


Benioate  of  ethyl. 
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If  the  sulphuric  acid  were  replaced  by  hydrochloric,  a  hydrochloric 
ether  would  firut  be  formed,  which,  on  reacting  on  the  oxygenized  acid, 
would  re-form  the  hydrochloric  acid  and  give  a  compound  ether : 

First  Stage. 


Butylic  aloobul. 


Hydrochloric 
add. 


Chloride  of 
batyl. 


Waler. 


SeCOXD  S'J'AGE. 


( 


C*H»I\ 
Cif) 

GbUirldeof 
baiyL 


rg} «)  =  &  0)  +  (H }) 


Formic  add. 


Furmiata  of 
butyl. 


Hydrochloric 
veld. 


Compowid  Ethers  formed  by  means  of  the  Polyatomic  Adds, — Polyatomic 
acids  can  always  form  a  number  of  ethers  equal  to  the  number  of  atoms 
of  typical  hydrogen  they  contain.  When  this  hydrogen  is  entirely 
replaced  by  an  alcohol  radicle,  the  ether  formed  is  neutral ;  but  when 
it  is  only  partially  replaced,  acid  ethers  are  obtained,  and  the  remaining 
basic  hydrogen  may  be  replaced  by  a  metal. 

The  neutral  ethers  of  these  acids  are  easily  procured  by  the  processes 
we  have  mentioned. 

The  acid  ethers  are  generally  obtained  by  gently  heating  an  alcohol 
with  a  biatomic  acid,  saturating  the  compound  by  a  base  which  preci- 
pitates the  excess  of  acid  while  forming  a  soluble  salt  with  the  acid 
ether  formed,  and  then  extracting  this  ether  from  its  salt  by  precipitat- 
ing the  metal  it  contains  by  a  suitable  acid. 

This  class  of  ethers  may  also  be  obtained  by  the  incomplete  saponifi- 
cation of  neutral  ethers : 


{^-y}  »•)  +  (il ")   '  {^\  °) 


+ 


Neutral  oxalate 
of  ethyl. 


Pota£h. 


AIcohoL 


Etbyloxalate  of 
potaadum. 


This  process  is  very  useful  in  the  preparation  of  the  mono-  or  bi-acid 
ethers  of  triatomic  acids. 

Properties  of  Comjpound  Ethers. — The  compound  ethers,  when  treated 
with  bases,  produce  a  metallic  salt,  and  re-form  the  alcohol.  This 
double  decomposition  is  called  saponification.  Water  alone  saponifies 
the  compound  ethers  at  a  high  temperature  : 


C^-]  0)  +  (il  0)   = 


(^) 


0)  +   (o^-f  0) 


Acetic  ether. 


Potuh. 


Acetate  of 
potaMium. 


H 

Alcohol. 


Sthers  which  do  not  contain  Acid  Radicles. — These  ethers  contain 
two  alcohol  radicles,  united  by  the  intervention  of  oxygen.     When 
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these  two  radicles  are  identical,  the  ether  is  an  ether  proper,  Wlieu 
they  differ,  the  ether  is  said  to  be  a  mixed  ether. 

Ephkrs  Proper. — Preparation. — The  ether,  properly  so  called,  of  an 
alcohol  may  be  obtained  by  four  principal  processes : 

Isi  Process. — By  heating  the  alcohol  with  bodies  having  great 
affinity  for  water,  such  as  chloride  of  zinc.  Two  molecules  of  alcohol 
unite,  giving  up  a  molecule  of  water,  and  forming  the  ether : 


.(C-H. 


|0)     = 


Alcohol. 


Oxide  of  ethyl 
(ether). 


(Hi") 

Water. 


The  bodies  having  a  gi-eat  affinity  for  water  may  be  replaced  by 
bodies  which  are  almost  inert,  such  as  iodide  of  mercury.  These  bodies 
serve  as  a  centre  of  decomposition,  and  allow  the  alcohol  to  react  on 
itself  as  it  would  on  an  acid. 

2nd  Process. — ^The  alcohol  is  made  to  react  on  a  strong  polyatomic 
acid.  A  series  of  double  decompositions  takes  place  which  are  analo- 
gous to  those  we  spoke  of  in  the  fifth  method  of  prepaiing  compound 
ethers: 


First  Stage. 


(Tf  o)  +  (^]  0.) .  (^;}  0.)  ^  (s  ( o) 


Alcohol. 


Sulphuric  acid 


Salpbovinic  acid. 


Water. 


SfiXJOND  Stage. 


(T}o)  +  (^jo.)  .  (^]o.)  +  (ggljo) 


A.lcohoL 


Sulphovinic  add. 


Sulphuric  acid. 


Ether. 


The  acid  re-formed  in  the  second  stage  of  the  reaction  recommences 
the  cycle  of  these  transformations.  Consequently  a  relatively  small 
quantity  of  a  polybasic  acid  can  transfoim  almost  indefinite  quantities 
of  alcohol  into  ether,  the  only  limit  being  the  formation  of  secondary 
products. 

This  theory  of  etherification  has  been  verified  by  Mr.  Williamson  in 
the  following  manner : 

He  prepared  an  acid  ether  of  amylic  alcohol  (amylsulphuric  acid) ; 
then  he  tmnsmitted  a  current  of  ordinary  alcohol  through  the  gently- 
boated  ether.  It  is  evident  that  if,  as  the  theory  supposes,  the  ether 
arises  from  the  successive  decompositions  and  recompositions  of  the 
acid  ether,  the  portions  of  this  latter  body  which  are  found  in  the 
apparatus  at  the  end  of  the  operation  are  not  of  the  same  composition 
as  those  placed  there  at  the  commencement.  Consequently,  if  the 
theory  be  correct,  in  the  experiment  just  mentioned  an  acid  ether 

2  E 
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ought  to  bo  fonnd  in  tho  apparatus  at  tho  end  of  tho  operation,  differ- 
ing from  the  one  originally  placed  there.  This  is  what  actnally 
occurs. 

Moreover,  during  the  time  the  decomposition  of  the  acid  ether  formed 
at  the  commencement  lasts,  there  ought  to  be  disengaged,  not  ordi- 
nary ether,  but  a  mixed  ether  formed  by  the  radicles  of  the  two 
alcohols  in  question :  this  the  experiment  also  confirms. 

The  following  equations  render  this  reasoning  more  intelligible : 

Amyl-flDlplmric  Alcohol.  Oxide  of  ethyl  Sulphozio  add. 

add.  and  of  amyl. 

(^»  +  (Tfo)   ■   {^]°)  +  (?}o) 

Sulphuric  acid.  Alcohol.  Ethyl-aalphortc  Water. 

acid. 

It  will  be  seen  that  at  the  commencement  the  apparatus  contains 
amylsulphuric  acid,  and  at  the  end  ethylsulphuric  acid ;  and  also  that 
during  the  decomposition  of  the  first  of  these  bodies,  neither  oxide  of 
ethyl  nor  oxide  of  amyl  are  disengaged,  but  the  double  oxide  of  ethyl 
and  amyl. 

8rd  Process.— The  third  process  consists  in  causing  the  chloride, 
bromide,  or  iodide  of  an  aloohol  radicle  to  react  on  the  sodium  deri- 
vative of  the  same  alcohol : 

(TO  +  (T.)o)  -  (?i:)o)  +  (&l) 

Chloride  of  Ethylateof  Ether.  Chloride  of 

ethyl.  Bodimn.  iaodimn. 

4th  Process, — The  simple  ethers  are  saponified  by  anhydrous  bases  : 

Chloride  of  ethyl.  Anhydrous  Chloride  of  Ether. 

oxide  of  barium.  barium. 

Mixed  Ethers.— Prepara/wn.— These  are  obtained,  either  by  Mr. 
Williamson^s  process,  that  is  to  say,  by  causing  a  strong  poly  basic  acid 
to  act  on  a  mixture  of  two  alcohols,  or  by  submitting  the  sodium  deri- 
vative of  an  alcohol  to  the  action  of  the  simple  ether  of  a  difierent 
alcohol. 

Properties  of  Ethers  proper ,  and  of  mixed  Ethers. — 1st.  The  two  carbonized 
groups  contained  in  these  ethers  are  so  strongly  united  together  by  the 
oxygen  that  the  chlorides  of  phosphorus  can  only  with  great  difficulty 
seize  this  oxygen  and  divide  the  molecule.  The  protochloride  of  phos- 
phorus can  only  act  on  ordinary  ether  in  a  closed  tube  at  a  high  temper* 
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atare.      The  reaction  gives  phosphorouB  anhydride  and  chloride  of 
ethyl  : 

^(gw}^)    +    2(PC1')     =     (PC)    +      6(<^'}) 

Ether.  Protochloride  Fhosphorons  Chloride  of 

of  phoephoros.  anhydride.  etbyL 

2nd.  Treated  by  acids  or  by  acid  anhydrides  with  heat,  these  ethers 
enter  into  double  decomposition  with  them,  and  give,  either  two  mole- 
cules of  the  same  compound  ether,  or  two  different  compound  ethers  : 

{^}o)  +  (g^fo)   .  (o^fo)  +  (<™£}o) 

Oxide  of  ethTl  Acetic  anhydride.  Acetate  of  metbyL  Acetate  of  ethyl, 

and  methy  1. 

3rd.  Ethylic  ether,  and  probably  its  homologues,  give  products  of 
substitution  under  the  influence  of  chlorine. 

M.  Malaguti  has  thus  obtained  tetrachlorinated  ethylic  ether,  which 
he  has  wrongly  called  bichlorinated  (C*H'C1*0),  and  M.  Lieben  has 
prepared  the    bichlorinated    ether,   called  by  him    monochlorinated 

r"H*ri  I  ^  )•  "^^^  latter  body,  treated  in  the  cold  with  zinc-ethyl  or 
with  zinc-methyl,  exchanges  CI  for  the  ethyl  or  methyl,  and  gives 
products  which  have  the  formulsB  (        A  ^  4p/  \  O)  and  (       C"!H*C1  i  ^  )* 

These  products  when  heated  in  a  sealed  tube  with  fresh  quantities  of 
zinc-methyl  or  zinc-ethyl  exchange  their  last  atom  of  chlorine  for  the 

(CTBEYC'H'') )     \ 
CHVC'H"h  ^)^^ 

the  bi-methylio  ether  (rtm*^CH'n  ^)' 

By  treating  the  monochlorinated  (bichlorinated)  ether  by  ethylate  or 
methylate  of  sodium,  M.  Lieben  has  succeeded  in  substituting  oxethyl 
or  ozymethyl  for  the  chlorine,  and  has  thus  obtained : 

Ghloroxethylic  ether  .     .     .     .    (  C*H*C1  I  ^) 

Dioxethylic  ether (c?HYC"H*0)  (  ^) 

Chloroxymeihy lie  ether   .    .    .     (^^'^^^S^iH  o) 

Dioxymethylic  ether  has  not  yet  been  obtained. 

The  formulad  which  M.  Lieben  has  given  to  these  bodies,  and  which  we 
have  here  reproduced,  are  only  considered  as  provisional  by  this  chemist. 
He  employs  them  until  more  complete  examination  shall  have  deter- 
mined the  real  constitution  of  these  compounds.  Unpublished  and 
as  yet  imperfect  experiments,  which  he  has  been  good  enough  to  com- 
municate to  me,  tend  to  make  me  believe  that  the  substitution  of  CI* 
for  H'  in  the  ether  is  made  at  the  cost  of  a  single  molecule  of  ethyl.  If 

2  E  2 


420 


PRINCIPLES  OF  CHEMIBTBY. 


it  be  really  so,  the  compounds  of  which  we  ha^e  just  spoken  ought  to 
have  the  following  formulso : 


MoDochlorinated  ether. 


CblorethyUc  «tber. 

^(?H.a(OT)  J  o) 

ChloronieUiyltc  ether. 


Dletfaylic  ether. 

(<^«^: }  o) 

Dlmetbylic  eUier. 

/C?H'a((?H"0)  1  q\ 

Chloroxetbyllo  ether. 

Dloxethylic  ether. 

Chlorosymethyllc  ether. 

Proofs  in  support  of  the  actual  Formula  of  Ether. — Before 
adopting  an  atomic  weight  equal  to  16  for  oxygen  and  to  12  for 
carbon,  our  formula  of  alcohol  (C^"0)  was  (C*H*0*),  and  that  of  ether, 
which  now  is  (C*H^°0),  was  (C«H'^).  But  this  latter  was  divisible 
by  2,  and  might  be  written  (C*H*0).  Moreover,  as  water  was  (HO), 
the  formula  (C*H*0)  appeared  more  simple  for  ether,  because  it  was 
thus  derived  from  alcohol  by  simple  dehydration. 


AloohoL 


(C^H»0)      +      (HO) 

Ether.  Water. 


The  adoption  of  the  new  atomic  weights  obliged  this  formula  of 
other  to  be  doubled,  because  oxygen  cannot  enter  into  a  compound 
except  in  atomic  proportions;  hence  the  great  differences  between 
those  chemists  who  double  this  formula  according  to  the  new  theory 
and  those  who,  faithful  to  the  old  ideas,  refuse  to  double  it. 

The  necessity  for  doubling  the  formula  of  ether,  even  with  the  old 
notation,  is  of  such  importance  that  we  will  detail  the  reasons  which 
have  induced  chemists  to  adopt  this  course.  It  is  one  of  the  facts 
which  have  greatly  contributed  to  the  establishment  of  our  present 
ideas. 

1st.  To  bring  ether  to  the  same  gaseous  volume  as  the  other  bodies 
its  formula  must  be  doubled. 
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2nd.  The  theory  of  etherification,  demonstrated  by  Mr.  Williamson, 
proves  that  two  molecules  of  alcohol  always  intervene  to  form  ether, 
and  that  sulphuric  acid  does  not  act  as  a  mere  dehydrant,  as  waa 
believed. 

3rd.  In  the  preparation  of  ether  by  means  of  the  simple  ethers  and  a 
sodium  derivative  of  an  alcohol,  it  will  again  be  seen  that  in  order  to 
form  the  ether  it  is  necessary  that  two  molecules  of  alcohol  should 
enter  into  the  reaction. 

4th.  There  exist  mixed  ethers  which  contain  radicles  of  two  differ- 
ent alcohols,  and  these  bodies  are  formed  by  reactions  which  are 
identical  with  those  which  produce  ethers  proper. 

6th.  M.  Lieben  has  obtained  ethylic  ether  (C*H*^),  in  which  one 
atom  of  hydrogen  is  replaced  by  chlorine  and  another  by  ethyl ;  the 
hydrogen  in  the  ether  can  therefore  be  replaced  by  tenth  parts,  which 
fully  proves  that  the  molecule  of  this  body  contains  at  least  ten  atoms 
of  that  element. 

iN'omenclature  of  the  XSthers. — The  ethers  properly  so  called  are  also 
named  oxides  of  the  alcoholic  radicle.  Thus  we  may  say  oxide  of 
amyl,  or  amy  lie  ether. 

Mixed  ethers  are  named  by  adding  to  this  generic  word  the  names 
of  the  two  alcohols  which  enter  into  their  composition  united  into  a 
single  word.     They  are  also  called  oxides  of  the  two  radicles  they 

riajju  >  01  is  called  indiscriminately 

mixed  ethylamylic  ether,  or  oxide  of  ethyl  and  amyl. 

ITie  simple  ethers  are  called  hydrochloric,  hydrobromic,  hydriodic, 
hydrofluoric,  hydrocyanic  ethers ;  their  name  being  thus  preceded  by  a 
word  which  indicates  from  what  alcohol  the  ether  is  derived.  They 
are  also  designated  as  chlorides,  bromides,  iodides,  fluorides,  cyanides 

of  the  alcohol  radicles.      The   compound  [    rn   \)  is  both"heptyl- 

hydrochloric  ether  "  and  **  chloride  of  heptyl." 

In  naming  the  compound  ethers,  the  word  ether  follows  the  name 
of  the  acid  of  which  the  body  contains  the  elements,  and  that  of 
the  acid  is  preceded  by  a  word  which  indicates  the  alcohol  from 
which  it  has  been  prepared.  They  may  also  be  named  like  metallic 
salts,  taking  for  specific  name  that  of  their  alcohol  radicle.  The  words 
ethyl-acetic    ether,  and   acetate   of   ethyl,   both   indicate  the    com- 

pound  (<^f  O). 

The  neutral  compound  ethers  formed  by  polybasic  acids  are  named 
in  the  same  way  as  the  preceding ;  the  acid  ethers  are  designated  b}- 
preceding  the  word  acid  by  a  compound  name  formed  by  the  name  of 
the  acid  whose  elements  enter  into  their  constitution,  to  which  is  pre- 
fixed the  name  of  the  radicle  of  the  alcohol.  That  part  of  the  word 
which  designates  the  radicle  is  preceded  by  the  syllables  di,  tri,  etc., 
to  designate  the  number  of  atoms  of  those  radicles. 
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IT  It 


The  compound  I  CH*^   r  ^  I  ^  ^^^^  named  ethyLsulphuric  acid.    (It 

\    H    j     / 
is  also  called  sulphovinic  acid.) 

/     PC"  ]      \ 
The  compoimd  I  (C^IP)'  V  C 1  is  called  diethylphoBphoric  acid. 

When  several  different  radicles  enter  into  an  ether,  they  should  be 
indicated ;  thus :  ethyl-amyl-phosphoric  acid,  or  phosphate  of  methyl, 
ethyl,  amyl,  etc. 

Primary  Monatomio  AlooholB  really  known. — The  primary  mona- 
tomio  alcohols  which  are  actually  known  are  the  following : 

Saturated  Alcohols. — Ist.  Alcohols  of  the  series  C"H**+^. 
Methylic  alcohol,  or  hydrate  of  methyl : 

(CH.,)     .     (on-fo) 

Ethylic  or  ordinaiy  alcohol,  or  hydrate  of  ethyl : 

(c™«)     .     (<^» 

Propylic  alcohol,  or  hydrate  of  propyl : 

Butylic  alcohol,  or  hydrate  of  butyl : 

(C*H'«0^       =       (^^  I  o) 

Amylio  alcohol,  or  hydrate  of  amyl : 

(cffK))      =      (^'^  I  o) 

Caproio  or  hezylio  alcohol,  or  hydrate  of  hezyl : 
CBnanthylio  or  heptylic  alcohol,  or  hydrate  of  heptyl : 
Gaprylic  or  ootylio  adoohol,  or  hydrate  of  octyl : 

Cetylic  or  ethal  alcohol,  or  hydrate  of  cetyl : 

(C"H"0)       =      (^"g" }  O) 
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Cerylio  alcohol,  or  hydrate  of  ceryl  : 

(c«^"o)     =     (^"  1 0^ 

Myricic  alcohol,  or  hydrate  of  myripyl : 

(C«H«0)       =       (^*^ }  O) 

2nd.  Alcohols  of  the  series  C"H**-^. 
Benzylic  alcohol,  or  hydrate  of  benzyl : 

Toluic  alcohol,  or  hydrate  of  toluyl : 

Guminio  alcohol,  or  hydrate  of  cnmyl : 

(C'^H"0)       =       (^'"g" }  O) 

Sycocerylic  alcohol,  or  hydrate  of  sycoceryl : 

(C»»H»^)       =       (^"^  I O) 

Non-saturated  Alcohols. — Ist  Alcohols  of  (he  series  C*'H^O. 
Acetylenic  alcohol : 

('^•o)    -    (T}o) 

Allylic  alcohol : 

(0^)     =     («I}o) 

2nd.  Alcohds  of  the  series  C-H**-K>. 
Campholic  alcohol,  or  Borneo  camphor : 

f  C'<B'«0)      =      (^*°g"  }  o) 

3id.  Alcohols  of  the  series  C-H*-^. 
Cinnamic  alcohol : 

((?ff  oo)      =      (^  }  o) 

Cholesteric  alcohol : 

(c^-o)    .    {^'\o) 
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The  most  important  Primary  Mon atomic  Alcohoijs. 

Methylic  Alcohol  (  C  <  qttY  — Preparation, —  Methyl  ic  alcohol,  or 

wood-spirit,  is  found  among  the  products  of  the  dry  distillation  of 
wood,  where  it  exists  nuxed  with  acetic  acid,  water,  and  a  number  of 
other  substances. 

In  order  to  extract  it  from  the  mixture,  the  latter  is  distilled,  care 
being  taken  that  the  operation  be  arrested  when  the  tenth  part  of  the 
liquid  has  passed  over,  and  the  product  is  rectified  over  quicklime. 

The  liquid  thus  obtained  is  mixed  with  chloride  of  calcium  and  dis- 
tilled in  a  water-bath.  The  impurities  distil,  while  the  wood-spirit 
remains  combined  with  the  chloride  of  calcium.  If  the  residue  bo 
then  heated  with  water,  this  combination  is  destroyed  and  methylic 
alcohol  distils  over.  It  is  separated  from  the  water  it  still  contains  by 
a  second  rcictification  from  quicklime. 

The  methylic  alcohol  which  has  undergone  these  different  opera- 
tions is  still  not  perfectly  pure.  In  order  to  purify  it  entirely,  it 
must  be  distilled  with  a  mixture  of  sulphuric  and  oxalic  acids,  which 
transforms  it  into  oxalate  of  methyl.  This  oxalate  is  solid  and  may  be 
easily  obtained  in  a  pure  state  by  crystallization.  Finally,  it  is  saponified 
by  means  of  an  alkaline  solution,  and  the  product  dehydrated  by  distil- 
ling a  third  time  from  quicklime. 

Properties. — Methylic  alcohol  is  liquid  and  colourless,  is  without 
action  on  test  paper,  and  has  a  density  of  0*8142  at  0°.  It  can  be 
mixed  with  water  in  all  proportions  and  the  mixture  does  not  becomo 
turbid.  It  does  not  give  any  black  precipitate  with  mercurous  nitrate. 
It  boils  at  66°'5,  bums  with  a  dull-blue  flame,  and  has  an  empy- 
reumatio  odour. 

Wood-spirit  mixes  with  alcohol,  ether,  essences,  and  oils.  It 
dissolves  phosphorus  and  sulphur  sparingly.  It  combines  with  baryta, 
dissolving  it,  and  also  dissolves  potash;  but  these  latter  solutions 
become  brown  and  rapidly  alter  when  exposed  to  the  air. 

When  wood-spirit  is  dropped  on  to  platinum  bluck,  the  access  of 
air  being  regulated,  it  oxidizes,  and  is  transformed  into  formic  acid : 

(o{?h)    +    si    -    {o{l)    +    (mo) 

Wood-Bplrit  Oxygen.  Formic  acid.  Water. 

But,  whatever    oxidizing  methods   may  be  used,   formic   aldehyd 
is  never  piocured.     This  body  appeara  to  be  too  instable  to  be 


Hs)' 


obtained. 

When  the  vapour  of  methylic  alcohol  is  transmitted  over  strongly- 
heated  potat>h-lime,  hydrogen  is  disengaged,  and  formiate  of  potassium 
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ia  formed.  But,  as  on  contact  with  alkalies  in  excess,  the  formiates  are 
transformed  into  oxalates,  hydrogen  being  disengaged,  oxalate  of 
|K>ta88ium  is  almost  always  obtained  in  this  reaction  : 

Methylic  alooboL  Hydrate  of  Fonnlate  of  Hydrogm. 

potassium.  potaasium. 

With  wood-spirit,  chlorine  gives  compounds  which  are  imperfectly 
known.  Chloride  of  lime  transforms  it  into  chloroform.  Bromine  or 
iodine,  added  to  a  solution  of  potash  in  wood-spirit,  give  bromoform 
or  iodoform.  When  heated  with  chloride  of  ammonium,  methylic 
alcohol  is  converted  into  the  chlorides  of  methyl-,  of  dimethyl-,  and  of 
trimethyl-ammonium. 

Sulphuric  acid  mixed  with  wood-spirit  evolves  heat,  and  gives  rise 
to  the  formation  of  methyl-sulphuric  acid,  which  crj'stallizes  on  the 
spontaneous  evaporation  of  the  liquid. 

(^■}0.)     +      («lf|o)      .      (?|.]o.)     +     (H|o) 

Salpburic  acid.  Wuod-spiriu  Meibyl-sulpharic  Water. 

acid. 

\Vhen  a  mixture  of  wood-spirit  and   sulphuric  acid  is  heated,  a 

gaseous  product,  the  oxide  of  methyl  (  p-jra  >  O  K  is  obtained.  But  in  no 

case  is  methylene  (Cff)  foimed.  This  latter  body  does  not  appear  to 
be  stable  in  the  free  state. 

The  hydracids  easily  transfonn  wood-spirit  into  simple  ethers.  Chlo- 
ride of  methyl  is  gaseous  and  does  not  liquify  at  —18°.  Water  dis- 
solves 2-8  times  its  volume  at  16°;  its  density  is  1'736  ;  the  iodide  is 
liquid  and  boils  at  42°'2  under  a  pressure  of  752"*". 

The  oxychloride  of  carbon  becomes  greatly  heated  when  mixed  with 
wood-spirit,  and  transforms  this  body  into  chlorocarbonate  of  methyl. 

(««-)o)    +    (co-jgl)    .    (g4)    +    ((X..{oeH-^ 

Wood^pirit.  Chloride  of  Hydrochloric  GblomcarboDate  of 

carbooyl.  acid.  melhyl. 

Sodium  dissolves  in  methylic  alcohol,  disengaging  hydrogen.  In 
this  case  methylate  of  sodium  is  pioduced : 

Mvthylic  alcohol.  Sodium.  Methylate  of  Hydrogen. 

sodiuQi. 

Nevertheless,  the  quantity  of  sodium  coiTesponding  theoretically  to 
this  equation  cannot  be  dissolved.  As  soon  as  a  small  quantity  of 
methylate  of  sodium  is  formed,  the  mass  becomes  pasty  and  the  sodium 
ceases  to  dissolve.     The  solution  may  indeed  be  facilitated  by  apply- 
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ing  heat,  but  then  the  methylate  of  sodium  partially  decomposes,  and 
its  oolour  becomes  brown. 

Ajppendix  to  Woodr9pirii. — Chloroform^  Bromoform^  and  Iodoform, 

Chloroform  (CHCP). — Chloroform  may  be  considered  as  trichlo- 
rinated  marsh  gas  or  bichlorinated  chloride  of  methyl.  It  may  be 
obtained  by  causing  chlorine  to  act  either  on  marsh  gas  or  on  chloride 
of  methyl.  Bnt  these  methods  of  preparation  are  long,  costly,  and 
laborious,  and  have  only  a  theoretical  importance,  not  being  practically 
useful. 

Fortunately,  chloroform  is  also  produced  in  a  number  of  other 
reactions,  which,  though  complicated  in  a  theoretical  point  of  view, 
are  simple  in  practice.  Soubeyran  recommends  the  following  process 
of  preparation. 

Preparaiion. — Ten  kilogrammes  of  chloride  of  lime  and  three  of 
slaked  lime,  mixed  with  sixty  of  water,  are  placed  in  a  still  which 
must  be  capacious  enough  to  be  only  a  third  full;  then  two  kilo* 
grammes  of  alcohol  at  85°  are  added,  and  the  whole  is  quickly  heated. 
The  reaction  commences  about  80°,  and  takes  place  so  actively  that 
the  fire  must  be  removed  or  the  mass  will  overflow.  Distillation  then 
commences  and  proceeds  almost  by  itself.  About  three  litres  of  the 
liquid,  which  is  divided  into  two  layers,  are  collected :  one  of  these 
layers  consists  of  water ;  the  other,  which  is  heavier,  of  chloroform, 
mixed  with  alcohol  and  chlorine. 

The  lower  layer  is  separated  and  washed,  first  with  water  to  remove 
the  alcohol,  then  with  a  solution  of  carbonate  of  potassium  to  re- 
move the  chlorine.  Finally,  it  is  dried  by  chloride  of  calcium  and 
distilled.  In  this  operation,  the  quicker  the  temperature  of  80^  is 
attained  the  more  will  there  be  of  the  product  obtained.  Therefore 
it  is  better  to  mix  the  lime  with  hot  water. 

The  alcohol  may  be  replaced  by  wood-spirit  or  acetone  in  this  prepa- 
ration ;  but  the  chloroform  is  then  adulterated  with  a  chlorinated  oil, 
from  which  it  must  be  freed  by  distillation  with  sulphuric  acid. 

Properties, — Chloroform  is  a  colourless  and  very  clear  liquid ;  its 
taste  is  first  pungent,  then  fresh  and  sweet.  Its  density  is  1  '491  at  17°. 
It  has  a  very  agreeable  ethereal  odour.  Its  boiling  point  is  61° 
according  to  Begnault,  and  63° '6  under  a  pressure  of  0*  772  according 
to  Pierre  ;  its  vapour  density  has  been  found  to  be  4 '199  —  4*230. 

Chloroform  ignites  with  difficulty ;  however,  when  a  cotton  wick  is 
impregnated  with  it,  it  bums  with  a  green  flame.  If  a  moistened  glass 
be  plsk^ed  over  this  flame  hydrochloric  acid  will  be  condensed,  which  may 
be  recognized  by  the  precipitate  which  is  produced  when  an  aqueous 
solution  of  nitrate  of  silver  is  added  to  it.  This  latter  reaction, 
and  the  green  colour  of  the  flame,  are  characteristics  of  all  chlori- 
nated, brominated,  or  iodized  organic  substances.  With  these  latter, 
however,  the  oolour  of  the  flame  approaches  more  to  blue.    Chloroform 
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is  only  slightly  solnble  in  water,  to  whicli  it  commnnioates  a  very  agree- 
able sweet  taste.  It  is  very  soluble  in  aloohol  and  ether ;  concentrated 
sulphuric  acid  does  not  dissolve  it. 

Pure  chloroform  should  fall  to  the  bottom  of  water  without  making 
it  cloudy,  while  when  mixed  with  alcohol  it  becomes  milky.  This 
latter  impurity  may  also  be  recognized  from  the  circumstance  that 
pure  chloroform  does  not  become  green  with  a  mixture  of  sulphuric 
acid  and  potassic  bichromate,  while  it  assumes  this  colour  if  it  contains 
alcohoL 

Chloroform  dissolves  most  oi^anic  matters  which  are  rich  in  carbon. 
It  readily  dissolves  caoutchouc,  which  it  deposits  unaltered  on  evapo- 
ration. 

When  distilled  in  a  current  of  chlorine,  it  is  converted  into  hydro- 
chloric acid  and  perchloride  of  carbon :  heated  with  an  alcoholic  solu- 
tion of  potash,  chloroform  is  converted  into  potassic  formiate  and 
chloride : 

(OHC.)  +  4(g}0)  =  S(^f)  +  (OHO(O)  ^.  .(||0) 

Cbloroform.  Potandc  Chloride  of  Formiate  of  Water. 

hydrate.  potaaaiom.  potaMium. 

Chloroform  vapour,  mixed  with  air,  produces  complete  anaesthesia 
when  breathed.  The  anaesthesia  is  preceded  by  a  period  of  excitement 
which  only  lasts  a  short  time.  This  anaasthetic  property  is  much  used 
in  surgery. 

Bromofbrm  (CHBr"). — Pre^rcUion. — ^This  body  is  obtained  by 
causing  potash  and  bromine  to  act  simtdtaneously  on  wood-spirit, 
alcohol  or  acetone ;  it  is  also  obtained  by  submitting  aqueous  citric 
and  malic  acids  to  the  action  of  bromine,  or  by  treating  bromal 
(C^Br»0)  with  alkalies. 

The  first  process  is  the  most  simple.  One  part  of  potash  is  dissolved  in 
one  part  of  wood-spiiit,  and  sufficient  bromine  is  added  to  slightly  colour 
the  liquid.  A  layer  of  bromoform  is  deposited  at  the  bottom  of  the 
liquid;  it  is  washed,  dried  over  chloride  of  calcium,  and  distilled. 

Properties. — Bromoform  is  a  clear  liquid;  its  density  is  2*13;  it 
possesses  an  agreeable  odour  and  a  sweet  taste.  Its  boiling  point  has 
not  been  determined  with  certainty,  but  it  is  less  volatile  than  chloro* 
form.  It  is  very  slightly  soluble  in  water,  to  which  it  nevertheless 
communicates  its  odour  and  taste.  Alcohol,  ether,  and  essential  oils, 
on  the  contrary,  dissolve  it  with  ease. 

It  behaves  in  the  same  manner  as  chloroform  with  re-agents ;  but 
splits  up  more  readily  than  this  latter  into  bromide  and  formiate  under 
the  influence  of  alkalies. 

Iodoform  (CHI*).  —  Preparation.  —  M.  Filhol  recommends  the 
following  method  of  preparing  this  body  to  be  employed : 

Two  parts  of  crystallized  carbonate  of  sodium  are  dissolved  in 
ten  parts  of  water,  and  one  part  of  alcohol  is  added.    The  liquid  is  then 
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heated  to  60°  or  80°  and  one  part  of  iodine  is  thrown  in  gradually.  At  the 
end  of  the  operation,  the  iodoform  is  deposited  at  the  hottom  of  the  hot 
liqnid,  which  is  filtered  to  separate  the  deposit ;  two  fresh  paiis  of  car- 
honate  of  sodium  are  introduced  into  the  mother-liquor,  which  is  kept 
at  60°  or  80°,  and  an  additional  part  of  alcohol  is  added.  A  current  of 
chlorine  is  then  transmitted  rapidly  through  the  liquid,  a  large  quantity 
of  nascent  iodine  is  thus  constantly  in  contact  with  the  alcohol,  and 
iodoform  is  produced  in  abundance.  When  a  considerable  quantity  of 
the  product  has  been  formed,  the  action  of  the  chlorine  is  arrested,  the 
liquid  is  filtered,  and,  if  necessary,  the  mother-liquor  may  be  treated  as 
before,  and  a  third  proportion  of  iodoform  obtained. 

Iodoform  crystallizes  in  small  pearly  scales  of  a  yellow  colour,  veiy 
friable  and  greasy  to  the  touch.  Its  odour  resembles  that  of  saffron  ;  its 
density  is  about  2  •  0 ;  it  does  not  perceptibly  dissolve  in  water,  but  it  is 
very  soluble  in  alcohol,  ether,  oils,  and  essences.  It  melts  between 
115°  and  120°;  part  vaporizes  without  alteration,  and  part  is  decomposed. 
It  may  be  distilled  with  the  vapour  of  water. 

Under  the  influence  of  the  alkalies,  iodoform  is  converted  into  an 
alkaline  formiate  and  iodide. 

Iodoform  is  a  local  ansasthetic,  and  is  used  as  such  in  medicine. 

/C*H*1     \ 
Ethylio    or    Ordinary     Aloohol  (     tt  >  OV— Preparation, — When 

ordinary  sugar,  dissolved  in  water,  is  loft  in  presence  of  organic 
matter,  and  a  little  beer  yeast  is  added  to  the  liquid,  fermentation  is 
produced,  the  first  effect  of  which  is  to  split  up  the  cane-sugar,  when 
that  is  used,  into  glucose  and  levulose;  and  it  then  transforms  these 
latter  bodies  into  carbonic  anhydride,  alcohol,  propylio  alcohol,  butylic 
alcohol,  amylic  alcohol,  glycerine,  succinic  acid,  etc.  This  transfoima- 
tion  results  from  a  vital  action.  M.  Pasteur  has  clearly  shown  that  the 
microscopic  cells  of  which  yeast  is  composed  ara  true  mycoderms, 
which  live  at  the  expense  of  the  fermenting  substances,  and  transform 
them  into  a  number  of  different  products.  The  transformation  of  sugar 
into  alcohol  cannot  therefore  be  represented  by  any  chemical  equation  : 
as  all  those  by  which  it  could  be  represented  would  be  too  simple  and 
erroneous. 

Generally,  alcohol  is  extracted  from  wine  (fermented  grape-juice)  or 
from  the  product  of  the  fermentation  of  the  juice  of  beet-root,  or,  again, 
from  the  product  of  the  fermentation  of  glucose  obtained  by  the  sac- 
cbarification  of  starch,  rice,  or  other  cereals  of  inferior  quality. 

In  order  to  extract  it  from  these  substances  they  are  submitted  to  distil- 
lation. Alcohol  being  more  volatile  than  water,  first  passes  over,  and  if, 
as  in  manufactories,  the  apparatus  is  so  contrived  that  the  least  volatile 
portions  constantly  fall  again  into  the  still,  two  distillations  are  sufficient 
to  produce  alcohol  containing  only  two  per  cent,  of  water. 

These  two  parts  of  water  cannot  however  be  removed  by  distillation. 
To  do  this,  quicklime  which  is  covered  with  alcohol  of  98  p.  c.  is  placed 
in  a  retoit.     The  cover  is  then  put  on  this  retort,  all  its  openings  are 
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closed,  and  the  whole  is  left  for  24  hours.  The  lime  swells  during  this 
time  and  absorbs  the  water  which  the  alcohol  contained.  After 
24  hours  it  is  distilled,  and  if  the  product  be  not  perfectly  anhydrous, 
it  must  be  left  for  24  hours  in  contact  with  anhydrous  baryta  in  a  well- 
stoppered  glass  globe,  and  then  again  distilled. 

Alcohol  may  also  be  obtained  by  the  different  general  processes  wo 
have  described ;  but  though  these  are  so  interesting  in  a  theoretical  point 
of  view,  they  cannot  be  used  practically. 

In  order  to  ascertain  whether  the  alcohol  be  quite  anhydrous,  it  is 
placed  in  contact  with  stdphate  of  copper  which  has  been  deprived  of  its 
water  of  crystallization  by  heat,  and  is  consequently  perfectly  white. 
If  the  alcohol  contain  water  the  sulphate  of  copper  assumes  a  blue  tint. 

Properties, — When  pure,  alcohol  is  a  colourless  and  very  volatile 
liquid  of  an  agreeable  odour;  its  density  is  0*792  at  20^  It  has  an 
acrid  burning  taste,  which  loses  much  of  its  intensity  when  diluted 
with  water ;  it  boils  at  78^*4  under  a  pressure  of  760"° ;  it  is  not 
solidified  by  a  cold  of  -  100^,  but  it  becomes  viscid  at  that  temperature. 
Its  vapour  density  is  1*6133.  It  is  very  inflammable,  and  bums  with  a 
dull-blue  flame. 

Alcohol  mixes  with  water  in  every  proportion.  The  mixture  is  ac- 
companied by  disengagement  of  heat  and  a  contraction,  which  reaches 
the  maximum  when  116  parts  of  water  are  added  to  100  parts  of 
alcohol. 

Alcohol  dissolves  resins,  ethers,  essential  oils^  alkaloids,  many  of  the 
organic  acids,  bromine,  iodine,  sulphur  and  phosphorus  slightly,  and 
certain  mineral  salts,  such  as  the  perchloride  of  mercury  and  nitrate  of 
uranium. 

Sulphuric  acid  becomes  considerably  heated  when  mixed  with 
alcohol.  When  such  a  mixture  is  made,  care  must  always  be  taken  to 
pour  the  sulphuric  acid  into  the  alcohol,  shaking  it  continually,  and 
not  the  alcohol  into  the  sulphuric  acid.  Sulphovinic  acid  and  water 
are  produced  in  this  reaction. 

CT}o)  +  K{8g)  -  (^■{Zb.)  *  (i}o) 

Aloohol.  Salpburic  acid.  SolphoTiolc  acid.  Water. 

If  water  be  added  to  the  mixture,  and  it  be  then  saturated  with  carbo- 
nate of  barium,  bary  tic  sulphate  which  precipitates  is  formed,  while  sul- 
phovinate  of  the  same  metal  remains  in  solution.  The  liquid  is  then 
filtered,  and  when  left  to  spontaneous  evaporation  it  deposits  this  salt 
in  beautiful  crystals. 

If,  on  the  contrary,  the  mixture  of  sulphuric  acid  and  alcohol  bo 
heated,  ether  is  formed  which  distils  if  the  proportion  of  sulphuric 
acid  be  not  too  great ;  and  ethylene  if  the  contrary  be  the  case.  (See 
Ethers  proper,  p.  417.) 

The  hydracids  passed  in  a  gaseous  state  through  alcohol,  transform 
it  into  chloride,  bromide,  iodide,  or  fluoride  of  ethyl : 
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n»     +    SI)     -      C^})    +    (g}o) 

AloohoL  Hydrocblorie  Chloride  of  Water. 

ftdd.  ethyL 

Mineral  or  organic  oxyacids  also  nnite  with  alcohol,  eliminating 
water  and  giving  rise  to  compound  ethers.  When  they  are  strong,  the 
action  takes  place  in  the  cold,  as  with  sulphuric  acid.  When,  on 
the  contrary,  they  are  weak  like  acetic  acid,  their  mixture  with 
alcohol  must  be  heated  to  200°  in  hermetically-sealed  tubes,  or  this 
mixture  must  be  submitted  to  a  current  of  hydrochloric  acid.  (^See  Com- 
pound Ethers,  p.  416.) 

Mercuric  nitrate  does  not  attack  alcohol,  but  when  mercury  is  dis- 
solved in  nitric  acid  in  presence  of  alcohol,  a  fulminating  product  is 
obtained — ^the  fulminate  of  mercuiy — ^which  is  used  in  the  manufacture 
of  gun-caps. 

Chromic  acid  oxidizes  alcohol  so  actively  that  the  liquid  takes  fire. 

On  contact  with  platinum  black,  alcohol  is  transformed  into  acetic 
acid : 


?!")    +    g(     =    (^fo)    +    (i}o) 


/C*H' 

Alcohol.  Oxygen.  Acetic  acid.  Water. 


It  gives  acetate  of  potassium  with  disengagement  of  hydrogen,  when 
its  vapours  are  transmitted  over  strongly-heated  potash-lime : 


+  (51°)  -  (cf:)  +  Kg}) 


Alcohol.  Potash.  Acetate  of  Hydrogen. 

potaasium. 

Heated  with  a  mixture  of  sulphuric  acid  and  binoxide  of  manganese 
or  bichromate  of  potassium,  it  furnishes  aldehyd  : 

<€h)  -  o]  -  K§{f )  -  ^i}") 

Alcohol.  Oxygen.  Aldehyd.  Water. 

Chlorine  attacks  alcohol  strongly  when  this  liquid  is  perfectly 
anhydrous :  hydrochloric  acid  and  chloral  are  formed. 

(T|  0)  +  <g  f)   -   Kg })  +  (c^ci^) 

AlcohoL  Chlorine.  Hydrochloric  ChlomL 

acid. 

Many  neutral  salts,  such  as  iodide  of  mercury,  chloride  of  ammo- 
nium and  others,  etherify  alcohol  when  they.are  heated  to  between  200° 
and  300°  with  this  liquid  in  hermetically-sealed  tubes.  In  the  case  of 
chloride  of  ammonium  there  are  formed,  in  addition  to  ether,  the  chlo- 
rides of  ethyl-ammonium,  biethyl-ammonium,  and  triethyl-ammonium. 
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EsTiMATioir  OP  Alcohol. — Spirits,  wiDes,  liqueurs,  and  spirituous 
liquids  in  general  are  usually  valued  according  to  the  quantity  of  pure 
alcohol  they  contain.  The  method  employed  to  determine  this  propor- 
tion is  based  on  the  difference  of  density  according  to  the  amount  of 
water  with  which  it  is  mixed.  Gay-Lussac  constructed  an  hydrometer 
so  graduated  that,  when  plunged  into  such  a  mixture,  it  at  once  indi- 
cates the  per  centage.  But  as  the  indications  of  this  instrument  vary 
with  the  temperature,  and  as  it  has  been  graduated  for  a  temperature 
of  15^,  when  the  operation  is  conducted  at  a  higher  or  lower  tempera- 
ture the  indications  of  the  hydrometer  must  be  corrected  accordingly. 
This  is  done  by  the  assistance  of  a  table  of  corrections  calculated  by 
Gay-Lussac.  Moreover,  this  correction  may  be  calculated  without  the 
table  by  means  of  the  formula  x  =  c  ±  0*4t,  in  which  x  expresses  the 
quantity  of  the  alcohol  contained  in  the  liquid,  c  the  degree  observed 
in  Gay-Lu8sac's  hydrometer,  and  t  the  number  of  degrees  which 
separates  the  temperature  observed  from  15°;  the  second  figure  is  sub- 
tracted from  the  first  when  the  temperature  is  higher  than  15^,  and 
added  if  the  contrary  be  the  case. 

If  the  liquid  whose  quantity  of  alcohol  has  to  be  determined  does 
not  contain  alcohol  and  water  exclusively,  if,  for  instance,  it  holds 
solid  substances  in  solution  which  may  have  an  influence  on  its  density, 
the  preceding  process  cannot  be  directly  applied.  In  order  to  employ 
it,  the  liquid  must  first  be  submitted  to  distillation,  in  order  to  elimi- 
nate the  foreign  substances.  The  fourth  part  of  the  liquid  is  generally 
collected  in  the  distillation,  and  there  is  added  to  this  distilled  part  a 
quantity  of  pure  water  sufficient  to  restore  its  volume  to  that  of  the 
original  liquid.  The  hydrometer  is  then  used  as  we  have  just  explained. 
The  distilled  liquid  need  not  have  the  water  added  to  it,  the  degree 
might  be  taken  immediately ;  but  then,  in  order  to  bring  the  degree 
observed  to  that  of  the  liquid  in  question,  it  must  be  divided  by  four, 
if  the  fourth  part  have  been  exactly  collected ;  by  three  if  it  were  the 
third  part,  and  so  on. 

A  useful  apparatus  is  sold  in  commerce  for  the  purpose  of  these 
operations.  It  consists  of  a  small  flask,  the  neck  of  which  is  closed 
by  an  india-rubber  stopper  having  a  tube  adapted  which  unites  the 
flask  to  a  small  refrigerator.  Fig.  49  (page  432)  shows  the  apparatus 
and  the  mode  of  using  it. 


Appendix  to  Ethylic  AlcohdL 

Ozide'of  Ethyl  (EOier)  (n«H»r^)' — ^^^P^^"^^- — ^^  order  to  ob- 
tain ether  from  ordinary  alcohol,  a  tubulated  retort  is  half  filled  with 
a  mixture  of  5  "p&Ttn  of  alcohol  of  90  per  cent.,  and  9  pai-ts  of  concen- 
trated sulphuric  acid.  This  retort  is  placed  in  communication  with  a 
condensing  apparatus,  while  the  upper  tubulure  communicates^  by  means 
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of  a  tube  with  a  stopcock,  with  a  large  vessel  full  of  alcohol  (fig.  50). 
The  i^tort  being  heated  in  a  Band-bath,  ether  begins  to  distil  over.    Then, 

from  time  to  timo,  a  quantity  of  alcohol,  approximately  equal  to  that 


which  distils  in  the  state  of  other,  iti  added  to  the  hot  mixture ;  the  ope- 
ration may  be  thus  continued  until,  owing  to  secondary  roactions,  the 


liquid  of  the  retort  shall  have  lost  ila  powers  of  ctherification,  which  does 
not  oQCur  until  the  operation  has  been  oaiTied  on  for  a  considerable  timo. 
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We  have  already  seen  the  theory  of  this  reaction,  when  speaking  of 
ethers  in  general. 

Ether  thus  obtained  is  not  pure ;  it  is  mixed  with  water  and  alcohol, 
and  must  be  purified  by  agitating  it  with  water  which  dissolves  it 
only  very  sparingly,  but  which  seizes  the  alcohol.  The  ether  is  then 
diried  over  chloride  of  calcium,  and  finally  distilled.  The  best  method 
of  obtaining  it  perfectly  anhydrous  is  to  leave  it  for  some  length  of 
time  in  contact  with  pieces  of  sodium. 

Properties. — Pure  ether  is  a  colourless,  limpid,  and  very  volatile 
liquid  ;  its  taste  is  at  first  fiery,  but  afterwards  cooling,  and  it  has  an 
agreeable  odour.  Its  density  in  a  liquid  state  is  0*723,  and  its  vapour 
density  is  2*686.  It  has  a  high  refracting  power,  boils  at  3 5°* 6,  and 
Ib  solidified  at  ~31°  in  brilliant  laminae.  Ether  mixes  with  alcohol  in 
all  proportions,  but  it  is  only  soluble  in  9  times  its  volume  of  water ; 
it  readily  dissolves  the  essential  oils,  resins,  hydrocarbons,  and  fatty 
bodies,  and  in  general  substances  which  are  highly  carbonized.  It 
dissolves  sulphur  and  phosphorus  sparingly,  and,  among  mineral  salts, 
mercuric  chloride  and  uranio  nitrate. 

Ether  is  very  inflammable  ;  its  vapour,  mixed  with  the  air,  forms 
an  explosive  mixture  ;  from  its  great  volatility,  it  is  always  danger* 
DUfi  to  decant  it  near  a  flame. 

Sulphuric  acid  dissolves  ether,  and  the  mixture  becoming  heated  is 
transformed  into  ethyl-sulphuric  acid : 

Salphnric  add.  Ether.  Ethvl-flulpharlo  Water. 

(sulpdiovlnlc)  acid. 

We  will  not  say  more  here  on  the  other  chemical  properties  of  ether, 
which  have  been  sufficiently  treated  of  under  the  head  of  ethers  proper 
and  primary  monatomic  alcohols  in  general  (p.  417). 

Ether,  like  chloroform,  is  an  ansesthetic,  and  was  formerly  used  as 
such,  but  as  owing  to  its  great  volatility  it  is  more  difficult  to  administer, 
and  as,  besides,  it  requires  a  longer  time  than  chloroform  to  cause 
anaesthesia,  its  employment  has  been  superseded  by  this  latter  body. 
It  is  taken  medicinally  as  an  antispasmodic,  either  mixed  with  water  or 
in  small  gelatine  capsules. 

-CT    [  Oy — Preparflrftbn. — In  the  manufacture  of 

ordinary  alcohol,  when  the  whole,  or  at  least  the  greater  part  of  the 
alcohol  contained  in  the  fermented  liquid  has  distilled,  a  residue  is 
left  which  boils  at  a  higher  temperature,  and  which  contains  propylic, 
butylic,  and  amylic  alcohols.  The  latter  is  the  roost  abundant  of  the 
three.  When  this  residue  is  submitted  to  fractional  distillation,  and 
that  which  passes  at  from  128°  to  132"^  is  collected,  pure  amylic  alcohol 
18  obtained. 

Properties. — The  hydrate  of  amyl  is  an  oily,  colourless,  and  very 

2  F 
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mobile  liquid,  of  a  peculiar  odour,  and  having  an  acrid,  burning  taste. 
Wben  its  vapours  are  inhaled,  they  produce  oppression  at  the  chest, 
followed  by  oongh.  Its  density  is  0*8111,  and  its  vapour  density 
3*147.  It  stains  paper,  but  the  stain  does  not  last  long;  it  does  not 
perceptibly  dissolve  in  water,  but  floats  on  the  top  like  oil ;  it  readily 
dissolves  in  alcohol,  in  ether,  and  the  different  essences ;  when  cooled 
to  —22°  it  congeals  in  crystalline  plates. 

Amylic  alcohol  generally  exercises  an  action  on  polarized  light,  but 
that  prepared  artificially  by  the  different  processes  formerly  mentioned 
is  inactive.  M.  Pasteur  has  discovered  that  active  amylic  alcohol  is 
sometimes  dextrogyrate  and  sometimes  levogyrate.  That  extracted 
from  fermented  liquors  is  a  mixture  of  these  two  varieties.  There- 
fore, instead  of  having  a  constant  boiling  point,  it  varies  between 
128°  and  132°;  the  two  varieties  having  different  boiling  points, 
which  are  very  near  each  other. 

When  the  vapours  of  amylic  alcohol  are  transmitted  through  a  red- 
hot  tube,  they  furnish  ethylene,  propylene,  butylene,  and  amylene. 

Amylic  alcohol  bums  readily,  with  a  blue  flame.  In  presence  of 
platinum  black  it  is  converted  into  valeric  acid.  When  heated  with  a 
mixture  of  sulphuric  acid  and  bichromate  of  potassium,  it  forms  valeric 
aldehyd. 

(T(o)  +  8}  =  (1)0)  +  rs(o) 

Hydrate  of  amyl.  Oxygen.  Water.  Valeric  add. 

<Tfo)  +  8}  -  ^(i|o)  +  K^{5") 

Hydrate  of  amj'l.  Oxygen.  Water.  Valeric  aldehyd. 

Concentrated  sulphuric  acid  readily  dissolves  amylic  alcohol,  disen- 
gaging heat ;  if  water  be  added  to  the  mixture,  and  it  be  saturated 
with  carbonate  of  barium,  barytic  sulphate  is  precipitated,  and  snlph- 
amylate  of  barium,  which  crystallizes  on  the  evaporation  of  the  liquid, 
remains  in  solution : 

fi"}0)   +   («r.{8^    -    («)"(8?H..)   +  (Sjo) 

Amylic  alcohoL  Sulphuric  acid.  Amylsalphnric  add.  Water. 

By  submitting  this  salt  to  repeated  crystallizations,  M.  Pasteur  has 
been  able  to  separate  that  arising  from  the  dextrogyrate  alcohol  from 
that  arising  from  the  levogyrate  alcohol,  and  consequently  to  obtain 
these  two  varieties  of  the  same  alcohol  in  a  fr^e  state.  For  this 
purpose  the  salph-amylate  of  barium  is  precipitated  by  sulphuric  acid 
to  Hberate  the  amyl-sulphuric  acid,  and  this  latter,  distilled  witli 
water,  furnishes  amylic  alcohol : 

Ki8cV)  +  (i}o)  -  (so-jgg)  +  (T)o) 

f  Amyl'dnlphuric  acid.  Water.  Snlphnric  add.  Hydrate  of  amyL 
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When  the  solution  of  hydrate  of  amyl  in  concentrated  anlphuric 
acid  is  distilled,  oxide  of  amyl,  amylene,  and  different  hydrocarbides 
are  obtained. 

On  distilling  a  solution  of  chloride  of  zinc  in  amylic  alcohol,  amylene 
mixed  with  hydride  of  amyl  is  obtained,  and  also  higher  homologues 
of  these  two  bodies. 

Under  the  inflaence  of  either  oxyacids  or  hydracids,  amylic  alcohol 
is  etherified  in  the  same  way  as  the  other  alcohols : 

(T»  +  (SI)  -  (i}o)  +  («-'r'«) 

▲mylic  alooboL  Hydrocbloric  Water.  Chloride  of 

acid.  amyl. 

When  heated  with  potash-lime  to  220*^,  hydrate  of  amyl  is  converted 
into  valerate  of  potassium,  disengaging  hydrogen  : 

(T}o)  +  (i}o)  -r^jo)  + .(!}) 

Rfdrateof  amjL  Potash.  Valerate  of  HydTosen. 

potaasfnm. 

Sodium  and  potassium  dissolve  in  amylic  alcohol,  producing  metallic 
amylates  and  disengaging  hydrogen. 

KT}o)  +  i}  -  KT}o)  +   1} 

Amylic  aloobd.  Potaaaiam.  Amylateof  HydrogeD. 

potaaainm. 

This  amy  late,  when  treated  by  iodide  of  amyl,  furnishes  oxide  of 
amyl  and  iodide  of  potassium. 

(Tfo)  +  r^))  -  (Si::}o)  +  (^}) 

▲mylate  of  Iodide  of  Oxide  of  amyL  Iodide  of 

poCaadmn.  amyL  potaaainm. 

Chlorine  acts  on  hydrate  of  amyl  in  the  same  maimer  as  on  all  the 
other  alcohols,  that  is  to  say,  it  takes  two  atoms  of  hydrogen  from  it 
and  furnishes  products  of  substitution  derived  from  the  alcohol  thus 
dehydrogenized. 

Amylic  akJohoL  Chlorine.  Hydrochloric  GhloramyL 

add. 


BBCONBABY  MONATOMIC   AIiCOHOtiS. 

Only  one  alcohol  of  this  series  is  yet  known,  viz.,  the  isopropylic 

alcohol  obtained  by  M.  Friedel  by  submitting  ordinary  acetone  to  the 

action  of  nascent  hydrogen. 

2  F  2 
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+ 


H 
H 


}   - 


AwtonB.  Hydrogen.  iBoprupjUe 

ftlooboL 

The  chaiacteristio  property  of  ihe  seoondary  alcohols  is,  that  when 
oxidized  they  give  an  acetone  which  is  incapable  of  being  ultimately 
transformed  into  an  acid,  instead  of  an  aldehyd  which  can  be  thus 
transformed.  Thns,  while  propylic  alcohol  wonld  be  converted  by 
oxidation  first  into  propionic  aldehyd  and  then  into  propionic  acid» 
isopropylic  alcohol  only  furnishes  acetone. 


f  lo?)    -    8}     -     ^dlo)    +    ^^ 


rUo  OxjgpiL  Water, 

loohol. 


This  property  is  thus  explained :  the  transformation  of  an  alcohol 
into  an  acid  arises  from  the  substitution  of  0''  for  H* : 


(€J 


Eth  jUc  alooboL  Acetic  add. 

in  secondary  alcohols  such  a  substitution  is  impossible,  as  they 
possess  only  a  single  atom  of  typical  hydrogen,  the  other  being  replaced 
by  methyl. 

Under  the  influence  of  bromine^  isopropylic  alcohol  acta  like  the 
true  alcohols.  While  these  lose  H'  under  this  influence,  and  are  con- 
verted into  aldehyd,  which  the  bromine  afterwards  transforms  into  a 
product  of  substitution,  it  also  loses  H*,  and  is  converted  into  acetone, 
which,  by  an  ulterior  action  of  the  bromine,  gives  ter-  and  tetra-bro- 
minated  acetone.  The  hydrobromic  acid  liberated  in  this  reaction 
always  reacts  on  the  isopropylic  alcohol  still  undecomposed  and  gives 
bromide  of  isopropyl. 

It  is  probable  that  all  acetones,  when  treated  with  nascent  hydrogen, 
would  furnish  secondary  alcohols. 


TEBTIABY  HOKATOHIC  ALCOHOLa 

All  these  alcohols  have  been  obtained  by  M,  Boutlerow ;  they  are 
four  in  number,  two  of  them  being  isomers.    They  are : 

Trimethylated  methyl ic  alcohol,  or,  according  to  the  nom^iclature 
of  Messrs.  Eolbe  and  Boutlerow, 

Trimothyl-carbinol     .     .     ,     .     |c|^!|     =     ((?H»«0) 
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Methjl-diethyl-carbinol  .      .      .     i  G 


Propyl-dimethyl-  carbinol 


0 


and  Propyl- diethyl-oarbinol  . 


0 


CH' 
CH» 
OH 

C'H'^ 

C^H* 
OH 


.      =     (Cff^) 


=     ((?H"0) 


The  first  of  these  bodies  was  obtained  by  M.  fiontlerow,  by  cansing 
zinc-methyl  to  act  on  the  chloride  of  carbonyl  or  on  the  chloride  of 
acetyl,  and  submitting  the  product  thus  obtained  to  the  action  of  water. 

In  the  case  of  oxychloride  of  carbon,  the  reaction  takes  place  in  two 
stages :  in  the  first,  an  atom  of  chlorine  is  replaced  by  methyl,  and 
chloride  of  acetyl  is  produced ;  in  the  second,  two  atoms  of  methyl 
are  substituted  for  the  oxygen  of  the  chloride  of  acetyl  and  give  rise 
to  trimethylated  chloride  of  methyh  This  chloride,  when  treated  by 
water,  exchanges  its  chlorine  for  (OH)  and  is  thus  transformed  into 
trimethyl-carbinol : 


Chloride  of 
oarbunyl. 


Zioo-methyU 


Chloride  of  dnc. 


Chloride  of 
acetyl. 


2-d.     {ci^    +    (g?}Zn"j     =     ^ZnO^ 


+ 


Chlorkleof 
acetyl. 


ZlDo-mettiyl. 


Oxide  of 
lina 


Trimethylated 
chloride  of  methyL 


/ 


3rd. 


+ 


(11°)  = 


C 


CH»\ 
CH*1 
CH« 
OH/ 


+ 


Trimethylated 
chloride  of  metbyL 


Water. 


Trimethyl- 
carblnoL 


(§}) 


Hydrochloric 
acid. 


Methyl-diethyl-carbinol  is  prepared  by  causing  the  chloride  of 
acetyl  to  react  on  zino-ethyl  and  saponifying  by  water  the  chloride 
obtained : 


n 


+ 


Chloride  of 
acetyl. 


(8?*}  2:0") 

Zino-ethyl. 


=       (Zno)      + 


Oxide  of 
zinc. 


1CH» 
n  J  C»H*^ 
^  j  C«H' 

Hydrochloric 
ether  of  methyl- 
dietbyl>carbmoL 
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Propyl-dimeihyl-oarbinol  is  prepared  by  treating  chloride  of  bntyl 
by  zinc-methyly  and  saponifying  the  product  of  the  reaction  by  ivater : 

Chloride  of  Zlno-meOiyL  Oxide  Hjdrociiloric 

batyL  ofitna  ether  of  propyl- 

dliiMtliyl-cartdiiol. 

Finally,  propyl-diethyl-carbiuol  is  prepared  by  an  analogous  reaction 
to  the  preceding,  enbetitaiing  zinc-ethyl  for  zinc-methyl. 

Properties. — The  properties  of  tertiary  monatomic  alcohols  have  as 
yet  been  littie  studied.  It  is  only  known  that  the  action  exercised  on 
them  by  oxidizing  agents  clearly  distinguishes  them  from  the  primary 
and  secondary  alcohols. 

On  being  oxidized,  the  primary  alcohols  give  an  aldehyd  and  an 
acid;  the  secondary  alcohols  tinder  the  same  conditions  furnish  an 
acetone.  All  these  derived  products  contain  as  many  atoms  of  carbon 
as  the  alcohol  from  which  they  are  derived.  The  tertiary  alcohols,  on 
the  contrary,  split  up  on  oxidation,  and  produce  bodies,  the  molecule  of 
which  contains  less  carbon  than  that  of  their  original  alcohol.  Tbns 
the  trimethyl-carbinol  is  transformed  under  the  influence  of  oxidants 
into  a  mixture  of  formic  and  propionic  acids. 

2(C*ff«0)     +     40»     =    2(CH«0*)     +     2(CTEK)")     +     2(H^) 

Trimethyl-  Oxygen.  Fonnicacld.  Propionio  add.  Water. 

carblnol. 


BIATOMIC  ALCOHOLS  OR  GLYCOLS. 

The  glycols  or  biatomic  alcohols  are  derived  from  hydrocarbides  by 
the  substitution  of  two  atoms  of  hydroxyl  for  two  atoms  of  hydrogen : 


(sii:) 


c 


OH] 
H» 


C   H« 
lOHi 

Hydride  of  Ethyl-glyool. 

ethyL 

Preparation.— The  glycols  may  be  obtained  by  four  processes : 
First  Process. — Bromine  is  made  to  act  on  a  non-oxygenated  organic 
radicle  which  is  capable  of  furnishing  a  bibromide  :  this  bibromide  is 
then  treated  by  acetate  of  potassium  in  alcoholic  solution,  or  by  acetate 
of  silver,  when  a  metallic  bromide  is  formed,  and  each  atom  of  bromine 
is  replaced  by  the  residue  (C^H'O")  of  the  acetate.  The  body  thus 
formed  is  a  compound  ether  which,  when  saponified  by  a  base,  furnishes 
a  glycol : 
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l8t.  (C»H*")     +     ^\     =     (cH^Br'j 

Ethylene.  Bromlnei  Bromide  of 

ethylene. 

^(cm,,.)  +  .(c^|o)  .  »(t«|)  +  (c«"(«^) 

Bromide  of  Acetate  of  silyer.  Bromide  of  Diaoetic  glycoL 

ethylene.  silver. 

Diaoetk}  glyooL  Potaeh.  Acetate  of  potassiam. 

Glycol 

Although  the  bromides  used  in  the  preparation  of  the  glycols  which 
are  obtained  by  direct  synthesis,  are  isomeric,  and  not  identical  with 
the  bibrominated  products  of  substitution  furnished  by  the  saturated 
hydrocarbides,  it  is  possible,  in  certain  particular  cases,  to  substitute 
these  bromides  for  one  another.  M.  Gaventou  has  obtained  ordinary 
glycol  by  employing  brominated  bromide  of  ethyl  (bibrominated  hydride 
of  ethyl)  instead  of  the  bromide  of  ethylene. 

Second  Process, — ^Hydrogen  is  substituted  for  chlorine  in  the  mono- 
chlorhydrins  of  triatomic  alcohols.  This  substitution  takes  place  by 
the  action  of  nascent  hydrogen : 

MuDochlorhydrin  Hydrogen.         Hydrochloric  Propyl-glyooL 

of  glycerine.  acid. 

2%trc{  Process. — A  biatomic  hydrocarbon  radicle  is  heated  with 
hypochlorous  acid.  Direct  combination  takes  place,  and  a  monochlor- 
hydric  ether  is  obtained,  which  when  submitted  to  the  action  of  acetate 
of  silver,  furnishes  a  monacetic  ether.  This  latter,  saponified  by  potash, 
gives  a  glycol : 

Ist  (C^H-)    +    (g|0)     =     (C^*"{c?) 

Ethylene.  Hypochlorooa  Monochlorhydrin 

add.  of  glycol 

Monocfalorhydiin  Acetate  of  Bilver.  Chloride  Monacetic  glycol, 

of  glycol  of  ellver. 

»'*■  (<^i85HK,)  +  (!}«)  =  r^} ")  +  K18i) 

Monacetic  glycol  Potash.  Acetate  of  Glycol 

potassium. 

Properties. — Glycols  agree  in  most  of  their  properties  with  monatomio 
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alcohols,  but  they  can  undergo  those  substitutions  twice  which  mona- 
tomio  alcohols  can  only  undergo  once. 

Ist.  Action  of  Ooddizing  Agents. — The  glycols  may  lose  two  or  four 
atoEns  of  hydrogen  and  thereby  give  rise  to  two  different  aldehyds. 
They  can  also  exchange  two  or  four  atoms  of  hydrogen  for  one  or  two 
atoms  of  oxygen  and  produce  two  acids : 


2(C'H'0') 

QlyooL 

+ 

0'      = 

Oxygen. 

2(H»0) 

Water. 

+ 

2(C'HH)») 

AMrhydofOie 
fint  degree; 

((?H«(y) 

Glycol 

+ 

o»     = 

Oxjgen. 

2(H«0) 
Water. 

+ 

(C«H«0«) 

Ald^yd  of  iiwi 
second  degree. 

OlyooL 

+ 

0"      = 

Oxygen. 

(H*0) 

W«ter. 

+ 

(C«H*0») 

Acid  of  Om 
fini  degree. 

Qlyool. 

+ 

0*     = 

Oxygen. 

2(H«0) 
Water. 

+ 

(C*HK)*) 

Add  of  the 
second  degree. 

Very  few  aldehyds  derived  from  the  glycols  are  as  yet  known,  but 
it  is  probable  they  will  soon  be  obtained. 

2nd.  Action  of  Dehydrating  Agents. — Dehydrants  do  not  reduce  the 
glycols  to  hydrocarbides,  they  only  subtract  a  molecule  of  water  firom 
them.  The  product  of  this  dehydi-ation,  instead  of  being  the  true 
anhydride  of  glycol,  is  only  an  isomer. 

3rd.  Action  of  Alkaline  Metals. — Alkaline  metals  act  on  glycols  in  the 
same  manner  as  on  monatomic  alcohols,  that  is  to  say,  they  displace  the 
typical  hydrogen  of  these  bodies  and  are  themselves  substituted  in  its 
place.  Two  products  of  substitution  may  be  obtained ;  one  containing 
one  atom  of  the  alkaline  metal,  and  another  which  contains  two.  On 
treating  these  metallic  derivatives  with  the  hydriodic  ether  of  a  mon- 
atomic alcohol,  the  alcoholic  ethers  of  the  glycols  are  obtained : 


(T'lo-)  +  H"TD  - 

KM)  -  a^lo 

Bipotaaalc  glycol.                Iodide  of  etbyL 

Iodide  of                     DIethylene  of 
potanlum.                        glyooL 

4th.  Boiling  point  of  the  Glycols. — ^The  glycols  present  this  singular 
characteristic,  that  their  boiling  point  becomes  lower  as  their  mole- 
cular complication  augments.  This  anomaly  ends  with  amyl-glycol. 
In  the  glycols  above  it,  the  boiling  point  rises  as  usual  with  the  com- 
plication of  the  molecule. 

5th.  Action  of  Acids. — Oxyacids  when  heated  in  closed  vessels  with 
the  glycols  give  rise  to  a  double  decomposition  which  is  exactly  like 
that  which  takes  place  with  monatomic  alcohols.  But  here,  according 
to  the  quantity  of  acid  employed,  either  a  single  acid  radicle  may  be 
substituted  for  a  single  atom  of  hydrogen,  when  a  monacid  ether  is 
obtained ;  or  two  acid  radicles  may  be  substituted  for  two  atoms  of 
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hydrc^en,  and  then  a  biacid  or  neutral  ether  is  the  result  In  abiaoid 
ether,  the  two  radicles  substituted  for  the  hydrogen  may  belong  to  a 
single  acid  or  to  two  different  acids : 


/C«H*" 


}0.)    +    ("^lo)    =    {^K,U    „    (||o) 


GlyooL  Aoeticadd.  Momusetine  of  Water. 

glycol. 

Pi}  •)  -  («-2io)  -   (^jc)  +  (i}o) 

MoDAoetlne  Batyrlcadd.  Butynv^oetlne  of  Water, 

of  giyooL  glycoL 

The  hydracids  act  in  the  same  manner  as  the  oxyacids,  that  is  to 
say,  they  combine  with  the  glycols,  eliminating  water,  so  that  a  group 
(HO)  in  the  glycol  is  replaced  by  the  radicle  of  the  hydracid.  Their 
action,  however,  does  not  go  beyond  this.  The  ether  of  the  first  sub- 
stitution once  obtained,  it  is  not  possible,  however  we  may  prolong  the 
operation,  to  give  rise  to  the  formation  of  a  biacid  ether : 

(%(«■)  +  (go  -  (<™"|?h)  +  (I}o) 

Glycol.  Hydrochloric  GhloAydrin.  Water. 

add. 

The  biacid  ether  which  would  result  from  the  substitution  of  an 
atom  of  a  halogen  metalloid  for  the  residue  (HO)  which  the  monacid 
ether  still  contains  may,  however,  be  obtained.  It  is  prepared  by  treat- 
ing glycol  or  its  simple  monacid  ethers  by  the  chlorides,  bromides, 
or  iodides  of  phosphorus  : 

(C^H^JO*)  +   2(PC!1»)    =    2(PC1'0)   +  2(g })   +   (^p}) 

GlyooL  Perdiloride  Oxychlorlde  Hydrochloric  Dichloihydrio. 

ofphoq^onuL        ofpboephonu.  acid. 

The  ethers  thus  obtained  are  identical  with  the  chlorides,  bromides, 
or  iodides  prepared  directly  by  means  of  a  biatomic  radicle  and  chlo- 
rine, bromine,  or  iodine. 

6th.  Action  of  Bases  on  Ethers  and  Glycols, — ^The  compoand  ethers  of 
the  glycols,  whether  monacid  or  biacid,  are  saponified  by  bases  in  the 
same  manner  as  the  ethers  of  monatomic  alcohols.  This  is  not  the  case 
with  simple  ethers,  which,  when  submitted  to  the  action  of  powerful 
bases,  lose  an  atom  of  hydrochloiic  acid.  K  the  monacid  ether  be 
used,  the  anhydride  of  glycol  is  produced : 

(™1?h)  +  (§}o)  -  (?i})  +  (ifo)  +K-») 

Monochlorbydrio.  Totafch  Chloride  of  Water.  Oxide  <if 

potaaaium.  ethylene. 


442  PBINCIPLES  OF  CHEMISTBY. 

7th.  Propertiet  of  ihe  Anhydrides. — ^The  anhydrides  which  aro  fonned 
in  the  preceding  reaction  possess  remarkable  properties, 
a.  They  can  nnite  with  water  and  reconstitute  the  glycol : 

Osideofethylane  Water.  OlyooL 

/3.  They  can  combine  directly  with  ammonia,  forming  products 
which  will  be  presently  studied  in  detail.  (See  Anunoniacal  (Tom- 
pounds  derived  from  Biatomic  Alcohols). 

y.  They  can  enter  into  double  decomposition  with  metallic  salts 
dissolved  in  water,  in  the  same  way  as  powerful  bases,  libeiating  a 
hydrate  of  the  metal  and  giving  an  ether  of  the  glycol : 


Oxide  of  Chloiid«  Water.  Hydrate  of  MonodiloiltTdiiii. 

ethylene.  ofmagnesimiL  nuigDeduiii. 

8.  They  combine  with  acids,  both  hydrated  and  anhydrous.  In  the 
first  case  amonacid  ether,  and  in  the  second  a  biacid  ether  is  produced : 

Oxide  of  Noetic  add.  Mcmaoetic  glyooL 

eihyleDe. 

(c^-o)  +  (giS)o)  .  ((o^;|o.) 

Oxide  of  Acetic  anhydride.  Diacetio  glycol, 

ethylene. 

€.  They  can  also  combine  with  nascent  hydrogen,  and  give  the 
monatomic  alcohol  of  the  same  series : 

(C«H*0)    +    H*     =     (C'H'O) 

Oxide  of  Hydrogen.  Alcohol, 

etfaiylene. 

The  transformation  of  glycol  into  the  alcohol  of  the  same  series  may 
also  be  made  by  means  of  chlorhydrin.  This  compound  exchanges  its 
chlorine  directly  for  hydrogen,  and  furnishes  alcohol.  (See  Preparation 
of  Alcohols). 

i.  Finally,  the  anhydrides  of  glycols  unite  directly  with  two  atoms 
of  bromine,  doubling  their  molecule.  The  product  formed  is  crystal- 
lized. When  agitated  with  mercury,  it  gives  up  its  bromine,  and 
there  remains  the  original  anhydride  doubled : 


(cte^o) 

+  li]  ■ 

Oxide  of 

Bromine. 

Bromide  of  oxkie 

ethylene. 

ofethlyene. 
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(g?:8|B-)  *-^  -  WIO  +  (S5?}) 


Bromide  of  oxide 
of  ethylene. 


Mercoiy. 


Bibromide  of 
mercury. 


DioxetbylaDe. 


These  di£fereiit  properties  have  only  been  observed  in  the  anhydride 
of  ordinary  glycol.  The  anhydrides  of  the  other  glycols  are  known, 
bat  have  not  been  studied.  It  appears  that  they  enter  into  oombini^ 
tion  less  readily  in  proportion  as  their  molecnle  becomes  oomplicated. 
Thus,  according  to  M.  Bauer,  the  oxide  of  amylene  will  not  unite  with 
water  to  reconstitute  amyl-glycol. 

Condensed  Olyools. — We  have  seen  in  nunaral  chemistry  that  oxy- 
genized compounds  containing  several  atoms  of  typical  hydrogen  can 
unite  with  one  another,  eliminating  (H'O)  at  each  addition  of  a  mol^ 
cole  of  the  polyatomic  body. 

This  fact,  examples  of  which  have  been  given  when  speaking  of 
phosphoric  and  sulphuric  acids,  was  first  discovered  in  the  glycols, 
where  it  is  presented  with  great  clearness.  The  condensed  glycols 
represent  simple  glycols  to  which  molecules  of  anhydrides  of  glycols 
have  been  added. 

In  order  to  understand  their  formation,  it  must  be  admitted  that  two 
molecules  of  a  biatomic  alcohol  lose,  the  one  H,  and  the  other  OH  to 
form  water ;  two  monatomic  residues  are  the  result,  and  these  unite  to 
form  a  condensed  glycol.  The  oxygen  of  the  residue  of  the  water 
which  has  lost  its  hydrogen  serves  to  unite  the  two  hydrocarbon  mole- 
cules. As  each  condensation  is  accompanied  by  the  elimination  of 
(IFO),  the  condensed  glycols  all  contain  two  hydroxyls  like  the  simple 
glycols. 

At  present,  five  products  of  condensation  derived  from  ordinary 
glycol  are  known,  the  rational  formulsd  of  which  are  as  follows : 

(OH 


C'H 


fOH 
(OH 

GiycoL 


C«H*"|OH 
C*H*"|^" 

;o" 

C"^*10H 

TatnUiTlciilo  glycoL 


C»H*"{  ^^ 
0" 

Dietbylenk  glyooL 


lo" 

|0" 
C*H*"  \ 
(0" 

|0" 

^ioH 

Pentethyleoic  glyooL 


C'H*" 
CH*" 
C«H*" 


.0" 

0" 

ioH 

Trfetfaylenic  glycol. 

(OH 

lo" 

O" 
0" 


C«H*" 

C"H*" 
C*H*" 

C'H*" 
^•^"'{OH 

Hezethyleiilc  glycol. 


lO" 
fO" 


Preparation  of  the  Condensed  Glycols, — Three  processes  have  been 
used  to  obtain  these  compounds. 
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First. — ^A  simple  ether  of  a  glycol  is  heated  in  a  hermetically-aealed 
tahe  with  the  glycol  itself.  If  the  ether  employed  be  biacid,  it  ¥rill 
first  be  transformed  into  monacid  ether  on  contact  with  the  glycol : 

(C^*"{£)    +    (c^*"{oh)     =     <C«H-j«y 

Bromide  of  etfayleikeL  GlyooL  Monobranhyilrin. 

The  monacid  ether  formed  then  enters  into  donble  decomposition 
with  the  remaining  glycol ;  a  condensed  alcohol  is  prodnoed  as  well 
as  hydrobromic  acid : 


(^=i?H)  +  K18D  =  (^:|D  +  l\ 


Monobromhydiln.  OlyooL  Dietfaylenic  glyooL  Hydro- 

bromicacld. 

The  hydrobromic  acid  reacts  on  another  portion  of  the  glycol,  and 
reconstitutes  bromhydiin,  which,  on  contact  with  the  condensed  al- 
cohol already  formed,  produces  an  alcohol  of  greater  condensation : 


Dietbylenlc  glyooL  MonobromliydriD.  TileihyleDic  glycol.  Hydrobromic 

ftcid. 

And  the  reaction  is  thus  continued  witbout  our  being  able  to  assign 
any  limit  to  the  condensation. 

Second  Process. — A  glycol  is  heated  with  its  anhydride  for  a  fortnight 
The  products  of  condensation  then  form  by  direct  synthesis  : 

QlyooL  Anhydride 

ofi^ooL 

Third  Process. — ^The  oxide  of  ethylene  is  heated  with  an  acid ;  a 
compound  ether  of  the  simple  glycol  is  first  formed,  which  afterwards 
combines  successively  with  one,  two,  three,  four ...»  molecules  of 
the  anhydride  remaining,  and  produces  compound  ethers^of  the  differ- 
ent condensed  glycols.  These  ethers,  when  saponified  by  a  base, 
give  the  condensed  glycols  of  which  they  contain  the  elements. 

Propertihs. — 1st.  All  condensed  glycols  possess  the  same  number  of 
atoms  of  typical  hydrogen  as  the  simple  alcohol  from  which  they  are 
derived,  that  is  to  eay,  two.  They  act  as  biatomic  alcohols,  and  give 
an  anhydride  and  two  series  of  ethers.  The  dioxyethylene  may  be 
regarded  as  the  anhydride  of  the  diethylenic  glycol : 


Glycol.  Water.  Oxide  of 

etbylcQC. 
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Dtethylenlc  gljooL  Water.  Dloz  jethylene. 

2ncL  Like  simple  glycols,  the  condensed  glycols  can  exchange 
hydrogen  for  oxygen,  and  give  rise  to  acids.  Up  to  the  present  time 
this  prqperty  has  only  been  observed  in  the  diethylenic  and  triethy- 
lenic  glycols.  In  these  two  cases,  four  atoms  of  hydrogen  have  been 
replaced  by  two  of  oxygen  : 

Diethylenic  glycol.  Oxygen.  Diglycolic  acid.  Water. 

'^'io?n  rO)\  P^^"io?|\  /HI     N 

C^"'   0"  +     Ko)     =     N'O"    g„  +     2^    O) 

<?h*"Joh|/  VC'h*"  johI; 

Trietfaylenic  gUyooL  Oxygen.  Diglyool-ethylenk:  add.  Water. 

These  facts  appear  to  demonstrate  that,  in  condensed  as  in  simple 
glycols,  the  maximnm  quantity  of  oxygen  which  can  be  snbstitnted  for 
hydrogen  is  two  atoms. 

Enumeration  of  the  known  Olyools. — ^TJp  to  the  present  time  six 
glycols  are  know  with  certainty.     These  are : 

Ordinary,  or  ethylglycol H*  i  ^ 

Propylglycol ^g^'  }o- 

Butylglyool H-  }0* 

Amylglyool ff  r* 

Hexylglycol ^^  io* 

Ooiylglycol ^IT'JO* 

Besides  these,  two  bodies  are  known  which  have  the .  composition  of 

hexylglycol  (     m    \^h     These  are,  a  product  derived  from  allyl, 

and  one  derived  from  acetone  which  is  called  pinakone ;  the  first  of 
these  bodies  is  a  simple  isomer  of  the  true  hexylglycol ;  pinakone  has 
been  too  little  studied  for  its  composition  to  be  determined  with  cer- 
tainty. 

There  also  exists  a  body  which  corresponds  to  the  formula  (C'^H*^). 
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This  body  has  been  prepared  by  means  of  decylene  {C"H*)  by  a 
process  identical  with  that  which  furnishes  the  lower  glycols  of  the 
series.  There  is,  therefore,  reason  to  believe  that,  when  the  molecule 
is  sufficiently  complicated,  the  glycols  cease  to  be  stable,  and  therefore 
that  only  their  anhydrides  can  be  obtained.  The  body  (C^'H^O)  may 
be  considered  as  the  anhydride  of  decylglycol : 

(^"^  J0«)     -     (HK))     =     (C»«ir*0) 

Decylglycol  Water.  Oxide  of 

(imkiiowii).  decylene. 

Methylenic  glycol  (    ^    [O'j  cannot  exist  in  a  free  state,  owing 

to  the  slight  stability  of  its  molecule.  When  iodide  of  methylene 
(CH*!*)  is  treated  with  acetate  of  silver,  a  diacetic  ether  of  this  body 
is  produced.     But  this  does  not  give  methylglycol  by  saponification. 

On  causing  the  oxalate  instead  of  the  acetate  of  silver  to  act  on 
iodide  of  methylene,  a  compound  is  obtained  which  appears  to  be  to 
the  unknown  oxide  of  methylene  what  dioxyethylene  is  to  the  oxide 
of  ethylene.    This  compound  has  received  the  name  of  dioxymethylene, 

and  has  for  formula  (rrmn  [O*  I 

The  iodide  of  methylene  used  for  these  experiments  cannot  be 
obtained  by  the  action  of  iodine  on  methylene,  which  does  not  exist ; 
it  is  produced  in  a  complex  reaction,  when  ethylate  of  sodium  is 
treated  by  iodine. 

Action  of  the  Polyatomic  Aoida  on  the  Olyools.  When  polyatomic 
acids  are  made  to  euot  on  glycols,  these  bodies  unite,  eliminating  water, 
and  acid  compounds  are  produced,  which  represent  condensed  glycols, 
one  or  more  hydrocarbon  radicles  of  which  have  given  place  to  one  or 
more  acid  radicles.  At  a  higher  temperature  these  products  can  still 
lose  water  and  form  anhydrides  which,  in  certain  cases,  are  neutral 
ethers  of  the  glycols : 


)o.) .  r'^;)o.)  .  (gi:^,|^?)  ^  (1)0) 

Glycol  Sacdnlc  add.  Socdno-ethylenlc  add.  Water. 

Soocioo-etbyleoio  add.  Water.  Soodnlo  glyooL 
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APPENDIX  TO  THE  BIATOMIO  AIiOOHOIiS. 

Aniedo  AloohoL — There  exiBts  in  aniseed  an  essence  wliicli  corre- 
sponds to  the  formula  (C^^ff*0).    This  essence  appears  to  have  a  oon- 

C'H*"<  QpTTs  )•     By  oxidation  it 

famishes  a  compound  the  formula  of  which  is  (G^ETO*),  according  to 
the  equation : 

Essence  of  aniseed.  Oxygen.  Anlslo  oldehyd.  Oxalic  add.  Water. 

M.  Cannizzaro,  hy  submitting  this  product,  which  is  a  true  aldehyd, 
to  the  action  of  alcoholic  solution  of  potash,  has  transformed  it  into  an 
alcohol  which*  he  named  anisic  alcohol,  and  which  answers  to  the 
formula  (C*H^^). 

This  alcohol,  though  containing  two  atoms  of  oxygen  like  the 
glycols,  acts  as  a  monatomic  alcohol.  But  in  reality  this  compound  is 
none  other  than  monomethylic  ether  of  the  unknown  benzylglycol : 

Anisic  alcohol  Monomethylic  benzylglyooL 

It  is  thus  easily  explained  why  this  body  can  only  famish  a  single 
series  of  ethers,  as  it  only  contains  a  single  atom  of  typical  hydrogen. 


TBIATOMIC  ALCOHOLS  OR  GLYCERINES. 

Though,  in  all  probability,  there  corresponds  to  each  monatomic 
alcohol  a  glycol  and  a  glycerine,  only  two  glyceidnes  are  as  yet 

■m    >  O*  j  and  the  other  amyl- 

■rp   [0*1.    Besides  these,  M.  Wurtz  appears  to  have  re- 

(C*H**"' )      \ 
rCH'OV  r  ^/'  ^^^^  would,  perhaps, 

us     (  O^j^J  saponification. 

Amylic  glycerine  having  been  very  little  studied,  all  we  shall  say 
will  relate  solely  to  propylglycerine  or  ordinary  glycerine,  unless  we 
specially  indicate  the  contrary. 

Triatomic  alcohols  are  derived  from  a  fundamental  hydrocarbide  by 
the  substitution  of  three  atoms  of  hydroxyl  for  three  atoms  of  hydrogen. 

Preparation. — Ordinary  glycerine  is  produced  during  the  saponifi- 
cation of  natural  tatty  bodies,  which  are  ethers ;  in  order  to  obtain  it 
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pure,  this  saponification  is  made  by  means  of  oxide  of  lead  and  water. 
An  insoluble  salt  of  lead  is  formed,  and  the  liberated  glycerine  is  dis- 
solved. A  current  of  sulphuretted  hydrogen  is  transmitted  into  the 
solution  to  precipitate  the  traces  of  lead  the  liquid  contains,  and  it  is 
then  filtered  and  evaporated.  The  glycerine  remains,  in  the  form  of  a 
syrupy  liquid.  Very  pure  glycerine  is  obtained  on  a  large  scale  by 
saponifying  fatty  bodies  by  superheated  steam.  Glycerine  and  &tty 
acids  distil.  On  cooling,  the  fatty  acid,  which  forms  a  solid  layer 
on  the  surface  of  the  distilled  liquid,  is  removed,  the  liquid  is  evapo- 
rated, and  the  glycerine  remains. 

As  yet,  glycerine  has  not  been  prepared  synthetically.  It  is  true 
that  M.  Wurtz  has  been  able  to  reconstitute  it  by  submitting  the  tri- 
bromide  of  allyl  (CH'Br')  to  a  treatment  identical  with  that  which 
fiimishes  glycol  by  means  of  the  bromide  of  ethylene ;  ^but,  unfortu- 
nately, the  tribromide  of  allyl  is  derived  from  glycerine  itself,  and  has 
not  been  otherwise  prepared. 

Amylic  glycerine  is  obtained  synthetically.  The  bromide  of  bro- 
minated  amylene,  when  submitted  to  the  action  of  acetate  of  silver, 
gives  rise  to  the  diacetic  ether  of  monobrominated  amylglycol ;  this 
ether,  saponified  by  potash,  furnishes  monobrominated  amylglycol. 
Finally,  the  monobrominated  amylglycol,  heated  with  potash,  is  trans- 
formed into  amylglycerine,  and  bromide  of  potassium  and  water  are 
formed : 

Bromide  of  Acetate  of  silver.  Bromide  of  Brnminatcd  diacetic 

bramlnated  amylene.  silver.  amylglyooL 

Brominated  diacetic  Potash.  Acetate  of  potaaslimi. 

amylglycol. 

Monobrominated  amylglyooL 

3^fH^)<.)    +    (1)0)    .    fj    +    fH'"}0.) 

Monobrominated  Hydrate  of  Bromide  of  Amylglycerine. 

amylglycol.  potassium.  potassium. 

Properties. — ^Triatomic  alcohols  are  very  similar  in  their  properties 
to  biatomic  alcohols.  The  chief  difference  between  them  is,  that  where 
the  glycols  give  two  derivatives  these  give  three. 

1st.  Oxidizing  Agents. — Oxidants,  on  reacting  on  glycerine,  produce 
several  acids.  One  of  them  has  been  studied,  and  results  from  the 
substitution  of  0  for  H*  in  the  radicle  ;  it  is  glyceric  acid : 

rz}<')  +  °o}  ■  r'^H';}"')  +  (ijo) 

Glyoerlne.  Oxygea  Glyceric  acid.  Water. 
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It  is  probable  that  an  acid  resulting  from  the  substitution  of  O'  for 
H^  might  be  obtained.  Analogy  appears  to  indicate  that  with  glyce- 
rines whose  radicle  contains  sufficient  hydrogen,  such  as  amyl- 
glycerine  for  instance,  three  atoms  of  oxygen  ought  to  be  able  to  be 
substituted  for  six  atoms  of  hydrogen. 

Such  a  substitution  would  only,  however,  be  possible  in  the  se- 
condary and  tertiary  glycerines;  primary  glycerines,  the  only  ones 
known,  result  fr(Mn  the  substitution  of  30H  for  3H  in  a  hydrocarbide. 
Of  these  three  OH,  the  two  at  the  extremities  have  two  atoms  of 
hydrogen  near  them,  and  that  in  the  centre  has  only  one,  as  the 
following  formula  shows : 

,0H 

H« 

,0H 

H 

,H« 

OH 


V 


Thus,  as  acids  restilt  from  the  sabstitution  of  O  for  H*  near  the 
hydtoxjl,  this  sahstitntion  woald  he  possible  in  the  two  outer  atoms 
but  not  in  the  middle  one,  and  two  acids  only  oonld  be  obtained  with 
glycerine : 


pOH 
J.OH 


and 


pOH 

J,0" 


This  would  no  longer  be  the  case  with  a  tertiary  glycerine  : 


(CH'^O*)  =  T"   J\^\ 


0H\ 
H«  ) 
0H\ 
W  ) 
H 


Here  the  three  at<^ms  of  hydroxyl  having  H*  near  them,  the  substi- 
tution of  O  for  H*  could  take  place  three  times,  and  the  triatomic 
and  tribasic  acid 


nty 


would  be  possible. 


f  (« I  s?^ 


)0H\ 


0"\ 
OH/ 


2  o 
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No  glyceric  aldehyd  is  known  as  yet. 

2nd.  Dehydrating  Agents. — When  glycerine  is  heated  with  a  body 
having  great  affinity  for  water,  it  loses  2(H'0)  and  a  liquid  distils, 
which  is  acrolein,  and  the  formula  of  which  is  (C'H*0).  Acrolein 
ought  to  be  classed  with  the  aldehyds,  and  not  in  the  glycerine  series. 

3rd.  Action  of  Alkaline  Metals, — ^When  a  piece  of  sodium  is  placed  in 
glycerine,  hydrogen  is  disengaged,  but  the  mass  soon  becomes  past}"*, 
and  all  reaction  is  arrested.  It  is  probable  that  if,  by  means  of  a  sol- 
vent, the  mass  could  be  rendered  more  fluid,  it  would  be  possible  to 
substitute  one,  two,  or  three  atoms  of  sodium  for  one,  two,  or  three 
atoms  of  hydrogen.  In  effecting  this  the  solvent  ought,  of  course,  to 
exercise  no  action  on  the  alkaline  metal. 

4th,  Action  of  Bases. — Bases  combine  directly  with  glyceiine,  but 
the  compounds  appear  to  have  more  relation  to  those  resulting  froni 
the  union  of  the  water  of  crystallization  with  a  salt,  than  to  true  atomic 
combinations. 

5th.  Actiof^s  of  Monatomie  Oxyacids, — When  quantities  of  glycerine 
and  of  a  monatomie  acid,  respectively  proportional  to  the  molecular 
weights  of  these  bodies,  are  heated  in  a  closed  vessel,  a  double  decom- 
position takes  place ;  one  atom  of  hydrogen  is  replaced  by  the  radicle 
of  the  acid  used,  and  a  monacid  compound  ether  of  glycerine  is 
produced : 

(T"  }  0-)    +    ('^'^'S}  O)     -     (c|?}  0.)    +    (H  }  O) 

Gljoeriiij.  Bcnzoio  acid.  Monobenzoate  of  Water. 

gljoerine. 

If  the  monacid  ether  be  heated  with  another  quantity  of  the  same 
acid,  or  with  an  equivalent  quantity  of  a  different  acid,  a  biacid  ether 
is  produced  by  a  reaction  identical  with  the  preceding  : 


gg?]  0-)  -   (g  1 0) 

MoDobenBoic4Q.  Ac«tlc  add.  Acelo-benzoidu.  Water. 

Finally,  these  ethers  of  the  second  degree,  when  heated  a  third  time 
with  a  fresh  proportion  of  acid,  furnish  ethers  of  three  acid  radidcs. 

H)      /  \C'H'0|     / 

Aoeto-benxoidD.  Butyric  add.  Aceto-butyro-  Water. 

bensoidn. 

The  triacid  ethers  may  be  heated  indefinitely  with  new  proportions 
of  acid  without  giving  rise  to  any  double  decomposition.  Glycerine 
therefore  contains  only  three  atoms  of  typical  hydix)gen. 
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In  these  reactions  it  is  always  necessary  to  reoommenoe  the  opera- 
tion several  times.  A  biacid  ether  of  glycerine  could  not  be  prepared 
by  heating  directly  a  molecule  of  gl3xerine  with  two  molecules  of  a 
monatomic  acid.  In  order  to  succeed,  the  monacid  ether  must  firat  bo 
prepared  and  then  treated  with  a  fresh  quantity  of  acid. 

6th.  Action  of  Alcohols. — Alcohols  do  not  act  on  glycerine ;  but  if  the 
hydrobromic  ether  of  a  monatomic  alcohol  be  heated  with  a  glyceric 
solution  of  potash,  the  replacement  of  a  pait  of  the  typical  h^^drogcn 
of  the  glycerine  by  an  alcohol  radicle  takes  place :  a  method  will  pre- 
sently be  described  by  which  these  products  may  be  prepared  with 
much  greater  certainty. 

7th.  AcUon  of  Hydrcusids. — Like  ozyacids,  the  hydracids  enter  into 
double  decomposition  with  glycerine ;  their  radicle  is  substituted  for 
the  group  HO  in  this  alcohol.  As  glycerine  contains  three  atoms 
of  hydrozyl,  it  may  be  conceived  that  such  a  substitation  can  be  pro- 
duced three  times.  Nevertheless,  by  the  action  of  hydrochloric  or 
hydrobromic  acids  on  glycerine,  it  has  never  been  possible  to  substi- 
tute the  chlorine  or  bromine  for  the  residue  (HO)  more  than  twice. 

Hydriodic  acid,  instead  of  giving  a  normal  ether  like  its  congeners, 
gives  rise  to  a  product  of  condensation  the  formula  of  which  is 
(C*H"0").  This  product  may  be  considered  as  the  moniodhydrin  of 
the  first  anhydride  of  diglyceric  alcohol : 


{ 


OHi 


ll 


■V- 


Diglyceric  alcohol.  lat  anhydride  of  Moolodhydrtn  of  the  1st  anhydride  uf 

diglyceric  alcohoL  diglyceric  alcohol. 

8th.  Anions  of  the  Chlorides  and  Bromides  of  Phosphorus, — In  acting 
on  glycerine,  the  perchloride  and  perbromide  of  phosphorus  produce 
the  same  bodies  as  the  corresponding  hydracids,  but  their  action 
extends  further.  Instead  of  stopping  at  the  production  of  dichlorhy- 
drin  or  dibromhydrin,  they  transform  these  latter  bodies  into  trichlor- 
hydrin  and  tribromhydrin : 

Dlchlorh)drin.  P<rthloride  Oxychloride  Trlchlorbydrtn.         Hydrochloric 

ofpbosphorua.       of  phosphorus.  add. 

Among  the  ethers  of  glycerine  just  considered,  there  are  some  which 
exist  native.  These  are  the  ethers  with  three  acid  radicles,  derived 
from  the  oxy acids  whose  molecules  have  a  certain  degree  of  complica- 
tion. Such  are  the  ethers  of  oleic,  stearic,  margaric,  palmitic,  and 
other  acids  which  have  received  the  name  of  neutral  fatty  bodies. 
The  natural  neutral  fats  are  identical  wiih  the  artificial  ones. 

2  G  2 
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QtiL  Aetian  of  Iodide  of  Phosphonu. — Iodide  of  phosphoruH,  acting 
on  glycerine,  gives  rise  to  a  reaction  wliich  is  entirely  di£ferent  from 
that  produced  by  its  congeners :  iodine  is  liberated  and  hydriodic  ether 
of  a  non-saturated  monatomic  alcohol  is  formed,  which  contains  the 
same  radicle  (C^W)  as  glycerine.  The  formula  of  the  iodide  thus 
produced  is  therefore  (CH'I);  it  is  called  iodide  of  allyl,  and  the 
aloohol  to  which  it  corresponds,  allylic  alcohoL* 

When  boiled  with  a  mixture  of  mercury  and  hydrochloric  acid,  the 
iodide  of  allyl  gives  propylene,  exchanging  its  atom  of  iodine  for  an 
atom  of  hydrogen : 

.(c^i)  +  2{l\)  +  2w  .  (H^;))  +  eg.])  +  <(m-) 

lodfcle  of  allyl.  Hydrocfalortc        Mercory.  Blniodide  Bichloride  Propylene^ 

,  add.  ofmercaiy.  of  mercury. 

Submitted  to  the  action  of  oxalate  of  silver,  iodide  of  allyl  gives  rise 
to  a  double  decomposition  represented  by  the  following  equation : 

Iodide  of  Oxalate  of  •iWer.  Oxalate  of  allyl.  Iodide  of 

allyL  slUer. 

The  oxalate  of  allyl  thus  produced,  decomposes  when  treated  by 
ammonia,  forming  oxamide  and  allylic  alcohol : 


j;;}o.)  +  2^KH.)  =  ^T|n.)  +  2^C«§*)0^ 


/   (70"' 

Oxalate  of  allyl.  Ammonia.  Oxamide.  Allylic  aloohoL 


Finally,  bromine  displaces  the  iodine  which  the  iodide  of  allyl  con- 
tains and  transforms  this  body  into  terbromide  of  allyl  (CH*Br').  It 
is  by  means  of  this  tribromide  of  allyl  that  M.  Wurtz  has*re-formed 
glycerine. 

Qlyolde. — When  potash  is  made  to  act  on  glyceric  dichlorhydrin,  a 
molecule  of  hydrochloric  acid  is  eliminated,  and  a  product  remains  to 
which  M.  Berthelot  gave  the  name  of  epichlorhydrin.  M.  Beboul  has 
shown  that  this  product  ought  to  be  considered  as  the  hydrochloric  ether 
of  a  first  anhydride  of  glycerine,  unknown  in  the  free  state  and  acting  as 
an  alcohol.    To  this  unknown  anhydride  he  gave  the  name  of  glycide : 

(  C-H*'"  I  OH  j      (  C«H*'"  j  gIF  j      ( C'H»"'  j  2i  j  =  (  C*H*0C1  j 

Glycerine.  1st  glyceric  anhydride  Hydrochloric  ether  of  the  glycide. 

(glycide). 

The  reaction  which  gives  rise  to  the  hydrochloric  glycide  is  repre- 
sented by  the  following  equation  : 

*  Allylic  alcohol,  because  the  essence  of  garlic  is  the  sulphide  of  ailyl. 
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H"  { T) + (h  I  °) "  K'  { s) + (h  f  °) + (a  i) 

Dicblorhydrln.  Potaab.  Hydrochloric  glydde.  Water.  Chloride 

of  potMwlTun. 

On  substituting  dibromhydrin  for  dichlorhydrin  in  the  preceding 
preparation,  the  hydrobromic  glycide  (C*H*BrO)  would  be  obtained. 
The  ethers  of  glycide  have  always  a  tendency  to  return  to  the  type  of 
the  glycerine  whence  they  are  derived. 

Adian  of  Hydrctcids. — ^I'he  hydracids  combine  directly  with  hydro- 
chloric glycide,  forming  a  simple  ether  of  glycerine  having  two  halogen 
identical  or  different  radicles : 


((?H»0C1) 

+      (HBr)       = 

=       (CH-BrClO) 

Hydrochloric 

Hydrobromic 

Hydrochlorobrombydrln 

glycide. 

acid. 

ofglyoerine. 

When  heated  with  dry  iodide  of  potassium,  the  hydrochloric  glycide 
produces  a  hydriodic  glycide : 

((?H'C10)      +      (ff)      =      (^^1)      +      (CH'IO) 

Hydrodiloric  Iodide  of  Chloride  of  Hydriodic 

glycide.  potttssium.  potaaainm.  i^dde. 

This  latter  body,  on  uniting  directly  with  hydriodic  acid,  gives  rise 
to  glyceric  di-iodbydrin,  which,  as  has  been  already  seen,  can  be 
obtained  by  no  other  process. 

The  simple  ethera  of  glycerine  which  are  obtained  by  the  action  of 
the  hydracids  on  epichlorhydrin  or  epibromhydrin  re-form  these  bodies 
by  the  action  of  potash. 

Action  of  Oxyacids. — Oxyacids  also  unite  with  epicblorhydrin,  but  the 
action  requires  to  be  assisted  by  heat.  In  this  case  a  mixed  ether  is 
formed,  as  the  following  equation  shows : 

/  i  OC«H«0\ 

(Cm^OCl)     +    (C'H^O*)     =     ((?H»C10»)     =     IC»H»'"^C1  j 

* ^ » 

Eplchlorhydrin.  Acetic  acid.  Aoeto-hydrochlorlc  glycerine. 

Action  of  HypocJUorous  Add, — When  hypochlorous  acid  acts  on  epi- 
cblorhydrin, the  ether  produced  is  a  dichlorhydrin,  not  of  glycerine, 
but  of  a  tetratomic  alcohol  of  the  same  series : 

(CH-'jg')      +      (g}0)      =        C-H-gU 

\  I  OH/ 

E^cbtorfaydriii.  Hypochloroiu  add.  Dichlorhydrin  of 

propyl-phyoHe. 

Action  of  Alcohols. — The  different  alcohols  are  also  capable  of  uniting 
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with  epichlorbydrin  or  epibromhydrin,  produoing  glyceric  hydrochloro- 
or  hydrobromo-alcoholic  ethers : 

i^chloriiydiin.  Aloohol.  EtfayldiloiliydrliL 

Treated  by  alkalies,  these  latter  ethers  lose  a  molecule  of  hydro- 
chloric or  hydrobromic  acid  and  leave  an  alcoholic  ether  of  glycide : 

(c'H""!^'')    +    (Ifo)     =     (cH-{g'c^.)    +    (i)o) 

t^thylchtorhydrin.  PMaah.  EttgrUc  glycide.  Water. 


Chloride  of 
potmnrinm, 


These  new  products  can,  in  their  turn,  combine  with  the  alcohols  to 
form  glyceric  ethers  which  contain  two  radicles  either  of  one  monar 
tomic  alcohol  or  of  two  different  monatomic  alcohols : 


(C'H""{  C^.)      +      (T}0)      =      (c^"- 


lOH     / 

Elbylic  glydde.  Alcohol  Dlethyl-gtyoerjoe. 


Actum  of  Waler, — Water  is  fixed  directly  by  epichlorhydrio,  and 
produces  monohydrochloric  glycerine : 

Epichlorhydrin.  Water.  Mouodilorhydrlii. 

On  reviewing  these  preceding  reactions,  it  will  be  seen  that  a  first 
anhydride  corresponds  to  glycerine,  from  which  it  differs  by  (H'O). 
While  glycerine  constitutes  a  triatomic  alcohol,  this  first  anhydride 
acts  as  a  monatomic  alcohol,  of  which  all  the  derivatives  have  a  ten- 
dency to  return  to  the  groupiog  of  glycerine. 

By  the  side  of  epichlorhydrin,  M.  Berthelot,  and  afterwards  M. 
Beboul,  have  placed  another  body  (C*H*C1*),  obtained  by  the  action  of 
potash  on  trichlorhydrin  (C"H«C1*).  Though  this  body,  which  diffena 
&om  trichlorhydrin  by  (HCl),  can  return  to  its  original  state  by  com- 
bining with  hydrochloric  acid,  it  does  not  appear  logical  to  regard  it 
as  belonging  to  the  same  grouping  as  glycerine. 

It  is  the  same  with  the  body  M.  Berthelot  has  described  under  the 
name  of  hemibromhydrin,  and  which  is  represented  by  the  formula 

Condensed  Glycerines. — Two,  three,  .  .  .  n  atoms  of  glycerine  may 
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unite  to  form  a  single  molecule,  losing  one,  two,  .  .  .  n — 1  molecules  of 
water.  The  compounds  which  form  contain  a  greater  number  of  atoms 
of  typical  hydrogen  than  their  generators,  and  consequently  they 
constitute  alcohols  of  greater  atomicity  : 


(c»h-|?h)  +  (ch~"|§|  =  (H}o) 


Glycerine. 


Glycerine. 


Water. 


CH-"'  {  OH 


O] 
O 


I  OH 


Dll^lyoeric  alooboL 


(' 


(OH 

cm""  OH 
^^ 

lOH^ 

Dlglyceric  alcohol. 

(OH 
CH*"']  OH 
*0 
OH 


+  I  C»H*"'|  OH  j  =  ^  I  0  )  +  I  C'H*"'!  6] 

C?W']  OH 
lOHi 

Glycerine.  •  Water.  Triglyoeric  aloolioL 


Mods  of  Pbefaratio!^. — These  bodies  have  only  as  yet  been  ob- 
tained by  a  single  process,  which  consists  in  heating  a  mixture  of  mono- 
and  di-chlorhydrin  with  glycerine.  The  dichlorhydrin  is  first  trans- 
formed into  monochlorhydrin,  which,  on  reacting  on  glycerine,  gives 
condensed  alcohols.  This  reaction  is  identical  with  that  which  fur- 
nishes condensed  glycols  when  the  bromide  of  ethylene  acts  on 
glycol : 


I  C'H*"'|  CI  j 

Dichlorhydrin. 

|c^*'"|oHj     -t 


Monochlorhydrin. 


+ 


( 


C»H»"'|  OH 


iOH 

Glycerine. 


n|      =       2(c»H»"'loHj 

H/  \        \ca  / 


Monochlorhydrin. 


Hi)  -  (^0 


CH! 


'5f// 


,  Glycerine. 


Hydrochloric 
add. 


fOH> 
IOH 

Cjtmnt  )  OH 
'OH, 

Dlglyceric  aloohoL 


The  hydrochloric  acid  formed  converts  a  fresh  quantity  of  glycerine 
into  monochlorhydrin,  which,  on  contact  with  the  diglyceric  alcohol, 
produces  triglyceric  alcohol,  and  so  on. 

Polyglyceric  alcohols  ought  to  be  separated  from  each  other  by 
fractional  distillation  in  vacuo. 

Properties, — ^The  properties  of  the  polyglyceric  alcohols  have  been 
very  little  studied.  It  cannot,  however,  be  doubted  that  they  are  true 
alcohols  capable  of  being  etherified.  In  fSetct,  in  the  process  used  for 
t  heir  preparation,  mono-  and  bi-hydrochloric  ethers  of  diglyceric  alcohol 
are  also  obtained.     Under  the  influence  of  potash,  monohydrochloric 


456 


PRINCIPLES  OF  CHEmSTBY. 


ether  loses  hydrochloric  acid,  and  a  first  anhydride  of  diglyoerio 
alcohol  is  produced : 


-    (Ifo)    -    (!.})    +    (1(0) 


Hjdraieof 
potaasium. 


Chloride  of 
potBarinm. 


Water. 


+ 


^      1 0"- 
CH*"'    OH 

O" 

QSJJ5///  J  OH 

Ut  dlgljcerio  anhydride. 


It  has  already  been  seen  that  M.  Berthelot's  anomalous  iodhydrin 
represents  the  monohydriodic  ether  of  this  anhydride  acting  as  au 
alcohol.    This  iodhydrin,  treated  by  potash,  loses  (HI)  and  leaves  the 

oxide  of  glyceryl  (p8tta'">  O'j,  which  may  be  regarded  as  the  second 

diglyceric  anhydride. 

Thus  while  in  the  glycol  series  a  single  anhydride  corresponds  to 
each  condensed  glycol,  the  different  condensed  glycerines,  being  all 
biatomic,  have  several  corresponding  anhydrides. 

It  is  a  remarkable  fact  that  in  glycols,  as  in  glycerines,  the  first 
anhydrides,  derived  either  from  the  simple  alcohol,  or  from  the  dif- 
erent  products  of  condensation  this  forms,  are  polymers  of  each 
other. 


(°-"i  81) 


Qlyools* 


GUcol. 


Anhydride 
of  giyool- 


Dletbylenlo  glyooL 

/CH*"!  OH 

(7H*"{g 

ICH-^JOH 

Triethyleuic  glycol. 


(gg:;; }  o«)  =  (ch^.) 


Anhydride  of  diethylenic  g^coL 


(C'HV'lo'l  =  I 


(?BPO»j 


m/ 


Triethylenic  anhydride. 
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Olyoerinea. 


(OH 

C»H»'"<  OH 

iOH 


) 


('c?'H»"'|Qg^  =  ((JB'O') 


Glycerine. 


Qlydde. 


(?B""\  OH 


I 


OH 

0] 

0 


CH""]  OH 
I  OH 

Digtyoertc  alooboL 

I  OH 
C«H«'"J0H 

C»H*'"  \  OH 
^0 

C'H»'"JOH 
lOHj 


Triglyceiic  aloohoL 


ISTTW" 


C»H 


tOH 


let  dlglyceric  anhydride. 

'CH'"'{2" 


Ibt  triglyoeric  anhydride. 


When  speaking  of  phosphoric  acid  we  have  seen  that  this  acid  can 
give  lise  to  condensed  products,  to  each  of  which  a  first  anhydride, 
polymer  of  the  first  phosphoric  anhydride,  corresponds.  The  discovery 
of  the  condensed  glycols  and  glycerines  first  threw  light  on  these 
minei'a]  compounds,  the  comprehension  of  which  was  difficult,  and 
whose  real  constitution  could  only  be  determined  by  analogy. 

Qlyoerio  Compounds  of  Folybasio  Adds. — When  glycerine  is  treated 
by  a  polybasic  acid,  the  two  bodies  unite,  eliminating  water.  The 
products  formed  belong  to  a  more  condensed  type  than  each  of  their 
generators,  and  possess  acid  properties.  They  are  products  of  con- 
densation. 

Charaoters  of  ordinary  Glycerine. — Ordinary  glycerine,  when  con- 
centrated in  vacuo,  forms  a  thick,  colourless,  inodorous  liquid  of  a 
sweet  taste ;  it  attracts  the  moisture  of  the  atmosphere.  Its  density  is 
1*26  at  15°*5;  it  is  soluble  in  water  and  alcohol  in  all  proportions, 
and  insoluble  in  ether.  It  dissolves  the  deliquescent  EAlts,  several 
metallic  sulphates,  chlorides,  and  nitrates,  and  the  oxide  of  lead. 

When  left  at  a  temperature  of  from  20°  to  30°  with  water  and  malt 
yeast,  glycerine  undergoes  a  kind  of  fermentation  in  which  propionic 
acid  is  produced,  as  well  as  a  little  acetic  and  formic  acids,  and  a 
small  quantity  of  gas. 

When  heated  with  oxalic  acid  dissolved  in  water,  glycerine  causes 
this  body  to  split  up  into  formic  acid  and  carbonic  anhydride,  without 
taking  part  in  the  reaction  except  by  its  pi^esence ;  the  same  quantity 
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of  glycerine  serving  indefinitely  for  the  division  of  any  quantity  of 
oxalic  acid : 

(C^'fo.)     =     (CHO|o)    +    (CO.) 

Oxalic  add.  Formic  add.  Carbonic 

anhydride. 


NOMENCIiATXTBE    OF    STHEBS,    GliYCOIiS,    AND 

OIiTC£BIN£. 

The  nomenclature  adopted  for  these  ethers  is  very  simple.  The 
name  glycol  or  glycerine  is  preceded  by  that  of  the  acid  of  which  the 
ether  contains  the  radicle,  the  syllables  mono,  dt,  iri,  being  placed 
before  this  latter  name,  in  order  to  indicate  the  degree  of  substitution. 
Sometimes  the  termination  ie  of  the  acid  is  replaced  by  «n,  and  the 
name  thus  formed  follows  that  of  the  alcohol.  The  generic  name 
formed  by  means  of  the  acid  ought  to  be  preceded  by  the  syllables 
monOj  di,  tri^  to  indicate  whether  the  ether  is  mono,  di,  or  tri-acid.  Thus 
we  say  diacetic  glycol,  or  diaoetin  of  glycol ;  trihydrochlorio  glycerine, 
or  glyceric  trichlorhydrin. 

If  several  acid  radicles  enter  into  the  constitution  of  an  ether,  a 
compound  name  should  be  formed  from  the  two  acids.  Thus  aceto- 
benzoate  of  glycol,  glyceric  hydrochloro-bromhydrin.  When  the 
ether  contains  an  alcohol  radicle,  the  name  of  this  radicle  is  sometimes 
placed  before  that  of  the  polyatomic  alcohol,  so  as  to  unite  these  two 
names  into  one.  For  example,  we  may  say  glyceric  diethylin,  di- 
ethylic  glycerine,  or  diethyl-glycerine. 

TETRATOMIC  ALCOHOLS. 

At  present  only  two  tetratomic  alcohols  are  known.  These  are 
erythrite  (C^H'^O*),  and  propylphycite  (CBTO*).  To  these,  perhaps, 
meoonine  (G"H*'0*)  may  hereafter  be  added. 

Erythrite  is  derived  from  the  fundamental  hydrocarbide  (C*H"),  as 
are  also  butylic  alcohol  and  butyl-glycol,  from  which  it  only  dififers 
by  the  quantity  of  oxygen  it  contains.  Its  true  formula  has  been 
determined  by  M.  de  Luynes,  who,  by  submitting  it  to  the  action  of 
hydriodic  acid,  has  transformed  it  into  a  compound  which  is  an  isomer 
of  iodide  of  butyl  (C*H'I),  thereby  showing  that  erythrite  contains 
4  atoms  of  carbon  and  10  of  hydiogen  : 

(C^H-O*)     +     7(^})     =     4(g)o)     +     (C'H'I)     +     3(J}) 

Erytbrite.  Hydriodic  Water.  Hydriodate  Iodine. 

add.  of  bntylene. 

M.  Berthelot  has  observed  that  erythrite  combines  directly  with 
acids,  eliminating  water,  like  the  alcohols ;  and  he  has  given  the  name 
of  erythrides  to  the  ethers  formed. 
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If  it  be  considered  that  in  all  tlie  series  in  which  several  alcohols  of 
different  atomicity  are  known,  their  oxygen  iacreases  in  proportion  to 
their  atomicity,  so  that  the  atomicity  is  always  eqnal  to  the  number  of 
atoms  of  oxygen,  the  atomiciiy  of  erythrite  mnst  be  4.  Erythrite  is 
therefore  the  tetratomio  alcohol  of  a  series  already  containing  an 
alcohol  and  a  glycol,  but  of  which  the  glycerine  is  still  wanting. 


Batyllc 
aloohoL 


((?H^*0*) 

Butyl-glycol. 


(C*H»'Of) 

Butyl-fflyoerine 
(unknuwn). 


Erythrite. 


When  submitted  to  the  oxidizing  action  of  platinum  black,  erythrite 
gives  an  acid  which  has  not  yet  been  studied. 

Propyl^hycite  has  been  obtained  synthetically  by  M.  Garius,  who 
combined  epichlorhydrin  with  hypochlorous  acid,  and  thence  obtained 
a  dichlorhydrin  of  propyl-phycite. 

This  dichlorhydrin,  treated  by  acetate  of  silver,  famishes  a  diacetate 
of  the  same  alcohol  from  which  propyl-phycite  has  been  prepared  by 
saponification. 


1st 


(o^-jg)  +  (g}o)   .  (o. 


r4iT 


I  oh) 


Epichlorliydiin. 


Hypuohlatw 


Dichlorbydrln  of 
propyl-pfaydte. 


2nd 


{<^"{|)  ^  H'-'^h)  -  KSfl) 


Dichlorhydrin  of 
propylrphydte. 


Acetate  of  silver. 


Chloride  of 
flilver. 


|OCTH»0\ 

DiaoeUo  propyl-pbydte. 

lOC*H«0>y 

Diocelic  propyl-pbydte.  Potaasic  hydrate. 


-f 


2/CH-O 


K 


}") 


Acetate  of  potasdum. 
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PENTATOMIC  ALCOHOLS. 

No  pentatomic  alcohol  is  as  yet  known  with  certainty.  Bnt  there 
exist  two  isomeric  bodies,  pinite  and  quercite,  which  may  supply  this 
deficiency.  The  formula  of  these  two  compounds  is  (CT5^*0*),  and 
M.  Berthelot  has  demonstrated  that  they  act  as  alcohols.  Considering 
that  they  contain  5  atoms  of  oxygen,  they  may  be  regarded  as  penta- 
tomic alcohols. 

Nevertheless,  it  must  be  observed  that  if  our  supposition  be  correct, 
pinite  and  quercite  would  constitute  saturated  or  nonnsaturated  al- 
cohols, isologues  of  the  unknown  alcohol  (C*H^*0*).  If  such  an  alcohol 
were  submitted  to  the  action  of  oxidants,  it  ought  to  furnish  a  first 

aldehyd  (C«H'»0*). 

Moreover,  alcohols  may  give  rise  to  a  number  of  aldehyds  equal  to 
the  nimiber  of  their  atomicity ;  and  the  last,  the  least  hydrogenized  of 
these  aldehyds,  alone  ought  to  have  entirely  lost  the  characteristics  of 
an  alcohol.  The  others  probably  have  both  alcoholic  and  aldehydic 
properties;  the  first  of  these  properties  predominating  in  the  first 
products  of  oxidation,  the  latter  properties  in  the  last 

If  therefore  the  first  aldehyd  (C^^Hy)  of  the  unknown  pentatomic 
alcohol  (C^'^0^)  were  obtained,  it  would  act  as  a  tetratomic  alcohoL 

Is  pinite  the  first  aldehyd  of  the  unknown  alcohol  (C*H**0*),  or  is  it 
an  alcohol  inologous  with  the  first  ?  It  is  impossible  to  decide  this 
question.  Nevertheless,  if  pinite  and  quercite  are  non-saturated 
bodies,  they  might  be  transformed  into  the  unknown  alcohol  (C'H**0*) 
by  the  action  of  nascent  hydrogen.  It  would  then  be  seen  whether 
this  alcohol  re-formed  the  body  by  oxidation  or  not  If  the  regenera- 
tion took  place,  the  aldehydic  nature  of  pinite  and  quercite  would  be 
decided ;  if  not,  these  bodies  might  be  regarded  simply  as  pentatomic 
alcohols :  an  alcohol  always  gives  aldehyds  by  oxidation,  but  never 
other  alcohols  isologous  with  the  first 


HEXATOMIC  ALCOHOLS. 

Two  isomeric  bodies  are  known,  mannite  and  dulcite  (C*ffK)*),  which 
act  as  saturated  hexatomic  alcohols  and  give  rise  to  two  parallel 
series  of  compounds.  Besides  these,  several  isomeric  bodies  are  known 
corresponding  to  the  formula  (C'H"0*),  which  appear  to  act  as  hexatomic 
alcohols,  or  perhaps  as  aldehyds  of  the  first  degree,  derived  from  satu- 
rated hexatomic  alcohols  by  the  loss  of  H*.    They  are  the  glucoses. 


SATUEATED  HEXATOMIC  ALCOHOLS. 
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PfiEPABATiON. — These  bodies  have  not  been  prepared  synthetically. 
They  are  extracted  from  vegetable  prodncts,  and  one  of  them,  raannite, 
is  formed  when  glucose  is  submitted  to  the  action  of  nascent  hydrogen. 

Propebties. — I  fit.  Action  of  HecU. — Under  the  influence  of  heat, 
these  alcohols  lose  a  molecule  of  water,  and  are  ti-ansformed  into  a  first 
anhydride,  of  a  syrupy  consistence : 

(C-H"0-)     =     (H^O)     +     (C«Hi«0*) 

Dolcite.  Water.  Diildtane. 

2nd.  Action  of  Oxidants, — ^Powerful  oxidants  destroy  the  molecule  of 
these  bodies  and  cause  the  formation  of  oxalic  acid.  When  they  are 
less  active  they  give  rise  to  acids,  which  are  derived  from  these  alcohols 
by  the  substitution  of  one  or  more  atoms  of  oxygen  for  two  atoms  of 
hydrogen  or  a  multiple  of  two  of  these  atoms.  Under  the  influence  of 
platinum  black,  the  aqueous  solution  of  mannite  has  been  transformed 
into  mannitic  acid,  the  formula  of  which  is  (C®H^*0"),  and  into  a  sac- 
charine compound,  mannitose,  corresponding  to  the  formula  (C*H"0*). 

Dilute  nitric  acid  converts  mannite  into  an  acid  which  appears  to  be 
analogous  or  identical  with  saccharic  acid  (C®H**0*),  and  it  converts 
dulcite  into  an  isomer  of  this  acid,  mucic  acid. 


Mannite. 


Mannitose. 


Qsygen. 


+     2 


+ 


Mannite. 


Oxygen. 


Mannitic  acid. 


(;H'o) 

Water. 
Water. 


(CWO*)    +     2(31)     =     ('cff'O')     +     2('h'0") 


Mannite. 


Oxygen. 


Saccharic  add. 


(cm'^A    +    2(^1)     =     (C'H'«0«) 


Dulcite. 


Oxygen. 


Made  acid. 


Water. 

+     2(h«0^ 

Water. 


The  transformation  of  mannite  into  mannitic  and  saccharic  acids,  and 
that  of  dulcite  into  mucic  acid,  is  entirely  analogous  to  the  transforma- 
tion of  glycol  into  glycolic  and  oxalic  acids. 

3rd.  Action  of  Monaiomic  Acids, — At  100^  these  alcohols  do  not  absorb 
gaseous  hydrochloric  acid,  but  if  the  acid  be  in  concentrated  aqueous 
solution,  they  combine  with  it,  eliminating  water  and  giving  rise  to  a 
neutral  compound. 

With  acetic,  butyric,  valeric,  benzoic,  and  other  acids,  at  a  tempera- 
ture of  250°,  neutral  compounds  are  also  produced  with  elimination  of 
water. 

These  different  compounds  are  analogous  to  the  simple  and  compound 
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ethers  of  the  other  alcohols,  euid  particularly  of  glycerine.  M.  Berthelot 
calls  these  bodies  mannitanides  or  dulcitanides,  acoording  as  they  are 
derived  from  mannite  or  dulcite. 

Monohydrated  nitric  acid  converts  mannite  into  hexanitric  mannite 

4th,  Action  of  Polyhasic  Acids. — Poly  basic  acids  act  on  these  alcohols 
in  the  same  manner  as  on  glycerine  or  glycols,  that  is  to  say,  they 
produce  condensed  compounds  which  possess  acid  propei'ties.  Thus 
with  mannite  and  tartaric  acid  mannitartaric  acid  is  obtained. 


•0...  j  (0H)« 
0" 

(0H)« 
0" 


C*H*0«*'  i(OH)« 

r)th.  Action  of  Hydriodic  Acid. — Hydriodio  acid  with  the  aid  of  heat 
transforms  mannite  into  hydriodate  of  hexylene,  producing  water  and 
a  deposit  of  iodine : 

(CH'^')    +     11  (^))     =     (CH"I)     +     6(]})    +    6(|f0) 

Mannite.  Hydriodic  add.  Hydriodate  of  Iodine.  Water. 

hexylene. 

This  reaction,  discovered  by  MM.  Wanklyn  and  Erlenmeyer,  has 
definitely  established  the  formula  of  mannite. 

6th.  Action  ofAlcohoU. — Monatomic  alcohols  do  not  act  directly  on 
mannite  and  dulcite,  but  if  their  hydrobromic  ether  be  heated  in  a 
hermetically-sealed  tube  with  mannite,  water,  and  potatjb,  an  alcoholic 
ether  of  mannite  is  produced.     It  is  thus  that  M.  Berth elot  has  pre- 

/  C«H«" 
pared  the  compound  |  (C'H*)*  ^  0*  I  which  he  derives  from  mannitane. 


7th.  Action  of  Bases. — xBases  combine  in  all  proportions  with  mannite 
and  dulcite,  as  with  the  other  alcohols. 

Baponifloation  of  Mannitanides  and  Dnloitanides. —  These  ethers, 
when  treated  with  bases,  do  not  re-form  the  hexatomic  radicle  from  which 
they  are  derived,  but  its  first  anhydride.  Mannitanides  give  mannitane 
(0"n^H3^),  and  dulcitanides  give  dulcitaue.  In  an  experiment  on 
butyric  mannite,  M.  Berthelot  has  obtained  a  second  mannitio  anhy< 
dride,  which  he  calls  mannido. 
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Heated  with  acids,  mannitaiie  and  duloitaDe  re-form  the  original 
mannitanides  and  dulcitanides.  It  appears  to  be  the  same  with 
mannide. 

Remarks  on  the  foregoing  Facts. — From  the  fact  of  the  prodnction 
of  mannitane  by  the  saponification  of  mannitanides,  and  the  production 
of  mannitanides  by  means  of  mannitane,  M.  Berthelot  concludes  that 
mannite  is  not  em  alcohol ;  that  the  alcoholic  properties  are  contained 
in  mannitane ;  and  he  assigns  to  this  latter  body  an  atomicity  equal 
to  six. 

We  cannot  accept  this  view.  It  cannot  be  doubted  that  mannitane 
is  an  alcohol,  as  we  have  seen  that  the  alcoholic  anhydrides  retain  the 
functions  of  the  bodies  whence  they  are  derived,  when  they  still  con- 
tain typical  hydrogen.  But  the  true  and  fundamental  alcohol  is 
mannite ;  it  has  an  atomicity  equal  to  6,  as  is  demonstrated  by  its  six 
atoms  of  oxygen,  as  well  as  by  the  fact  of  the  possible  substitution  of 
six  times  the  group  (NO')  for  6H  in  hexanitric  mannite. 

Mannitane  is  only  an  anhydride,  which  possesses  two  atoms  of 
typical  hydrogen  less  than  its  generator,  and  which  ought  to  act  as  a 
tetratomic  alcohol. 

This  theory  accounts  for  the  fiEtcts  as  well  as  that  of  M.  Berthelot^ 
and  it  has  moreover  the  great  advantage  of  not  disagreeing  with  the 
laws  observed  in  the  other  alcoholic  series. 

The  study  of  condensed  alcohols  has  shown  that,  in  proportion  as  the 
molecules  become  complicated,  the  fundamental  compounds  have  less 
stability,  and  anhydrides  have  greater  tendency  to  be  produced.  Thus 
ordinary  glycol  has  such  stability  that  it  is  obtained  by  the  action  of 
oxide  of  ethylene  on  water.  Decyl-glycol,  on  the  contrary,  is  so 
unstable  that  in  the  saponification  of  its  ethers  it  decomposes,  and 
simply  furnishes  an  anhydride. 

Applying  these  remarks  to  mannite,  the  facts  become  developed  with 
great  clearness.  When  mannite  is  heated  with  an  acid,  a  hexatomic 
ether  is  produced.  If  this  ether  be  saponified,  the  mannite  group  not 
having  sufficient  stability  to  resist  the  molecular  shock,  only  an  anhy- 
dride of  this  alcohol,  mannitane  or  mannide,  is  obtained. 

If  this  anhydride  be  heated  with  an  acid,  it  is  first  saturated,  uniting 
with  a  number  of  molecules  of  the  hydrated  acid  equivalent  to  the 
number  of  molecules  of  water  by  which  it  differs  from  mannite. 
Mannitane  therefore  unites  to  one,  and  mannide  to  two  acid  molecules. 
This  first  reaction  gives  rise,  according  to  the  anhydride  employed,  to 
a  mono-  or  bi-acid  ether  of  mannite ;  it  is  analogous  to  that  produced  when 
oxide  of  ethylene  or  epichlorhydrin  is  submitted  to  the  action  of  acids. 

Mannitic  ether  when  formed  may,  by  an  ulterior  etherifying  action,  be 
transformed  into  mannite  containing  two,  three, . .  .  six  acid  residues. 

The  only  objection  M.  Berthelot  can  oppose  to  this  interpretation 
of  the  facts  is  that,  on  analyzing  the  compounds  of  which  we  speak, 
they  do  not  answer  to  the  formula  of  a  hexacid  mannite,  but,  on  the 
contrary,  they  answer  to  that  of  a  hexacid  ether  of  mannitane. 
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M.  Berthelot  seeks  to  establish  that,  between  the  composition  of  a  hex- 
acid  ether  of  mannite  and  of  a  hexacid  ether  of  mannitane,  there  is  a 
greater  difference  than  could  result  from  a  mere  error  of  analysis.  This 
fact  would  be  conclusive  if  we  could  be  perfectly  sure  of  the  purity  of 
the  product  analyzed.  But  as,  after  all,  mannitane  can  act  as  a  tetra- 
tomic  alcohol,  inasmuch  as  it  contains  four  atoms  of  typical  hj'drogen, 
there  may  also  be  mixtures  of  mannitic  and  mannitanic  ethers  which 
analysis  is  unable  to  determine  ;  and  it  is  probable  that  when  mannite 
is  heated  to  200^  with  an  acid,  the  portion  of  this  sugar  which  does  not 
enter  into  reaction  is  transformed  into  mannitane,  and  that  this  anhy- 
dride combines  with  the  mannitic  ether  already  produced,  forming 
condensed  compounds  which  again  serve  to  increase  the  confusion.  It 
is  still  more  probable  that  such  a  phenomenon  is  produced  when  man- 
nitane is  directly  heated  with  an  acid. 

To  sum  up,  we  regard  mannite  as  a  hexatomic  alcohol,  and  manni- 
tane as  an  anhydride  which  can  act  as  a  tetratomic  alcohol,  but  which 
has  a  greater  tendency  to  combine  with  acids  without  eliminating 
water  to  r&-form  a  monacid  ether  of  the  alcohol  whence  it  was  formed. 

The  oxidation  of  mannite  serves  to  support  our  interpretation.  If  it 
be  mannitane  that  acts  as  alcohol,  the  first  acid  of  this  alcohol  would 
have  (CT'ff^O*)  for  formula,  and  the  second  (C*HW  i,  as  the  two  fol- 
lowing equations  indicate : 

(C'H^'O^)     +     0*     =      (11*0)     +     (C*H»*»0«) 

Mannitane.  Oxygen.  Walrr.  Istodd. 

(C*H«0»)     -h     0*     =     2(H«0)     +     {CBHy) 

MAnnitane.  Oxygen.  Water.  2nd  acid. 

If,  on  the  contrary,  it  be  mannite  which  acts  as  alcohol,  the  two 
first  acids  which  would  be  derived  by  oxidation  would  have  for  formulae 
(C*H**0'')  and  (C'ff^O"),  as  the  following  equations  show  : 

(CTI"0*)     +     O"     =     (H'O)     +     (CWO') 

Mannite.  Oxygen.  Water.  let  add. 

(C«H"0*)    4-     0*     =     2(IP0)    +     (C«H'«0«) 

Mannite.  Oxygen.  Water.  3nd  add. 

The  acid  (C^ff'O'^)  is  none  other  than  the  mannitic  acid  obtained  by 
M.  Gorup  Besanez  by  oxidizing  mannite  by  platinum  black,  and  the 
acid  (C*ff  ^)  is  the  saccharic  acid  which  is  obtained  when  mannite  is 
oxidized  by  nitric  acid. 


GLUCOSES. 

Besides  mannite  and  dulcite,  we  have  said  that  there  exists  a  class  of 
isomeric  bodies  known  under  the  name  of  glucoses,  and  corresponding 
to  the  formula  (C^ITK)*).  These  bodies  can  combine  with  acids  like 
mannite,  but  what  is  their  atomicity?     Are  they  hexatomic  alcohols 
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ifiolognes  of  mannite  as  their  six  atoms  of  oxygen  appear  to  indicate  ? 
Are  they  not  rather  aldehyds  derived  from  mannite  and  dulcite,  and 
acting  as  alcohols  with  an  atomicity  of  5  ? 

M.  Berthelot  asks  these  two  questions  without  solving  them,  but 
we  believe  that  a  solution  may  be  arrived  at. 

M.  Linnemann  has  discovered  tliat  ordinary  glucose  absorbs  nascent 
hydrogen,  and  is  transformed  into  mannite.  This  body  cannot  there- 
fore be  considered  as  a  hexatomic  alcohol  derived  from  a  saturated 
hydrocarbide  (C*H").  But  we  have  seen  that  a  non-saturated  hydro- 
carbide  can  give  derivatives  of  the  same  degree  of  saturation  as  itself. 
Hence  glucose  may  be  a  non-saturated  alcohol  as  well  as  an  aldehyd, 
and  Linnemann's  experiment  throws  no  light  on  this  point. 

But  as  yet  we  know  no  instance  of  an  alcohol  which,  on  oxidizing, 
loses  hydrogen  and  gives  rise  to  a  new  alcohol  isologous  with  the  first. 
In  this  case  it  is  always  an  aldehyd  which  is  formed.  M.  Gorup  Besanez 
has  obtained  a  glucose  by  the  oxidation  of  mannite,  and  this  reaction 
gives  great  weight  to  the  opinion  that  glucoses  are  aldehyds  of  the  first 
d^ree. 

The  following  is  another  proof:  glucose  is  transformed  into  sac- 
charic acid  by  oxidants,  and  this  oxidation  can  only  be  explained  by 
admitting  that  this  body  is  an  aldehyd,  when  we  can  understand  that 
it  can  fix  an  atom  of  oxygen  before  undergoing  a  new  substitution. 

In  relation  to  the  question  whether  they  be  glucoses  or  their  first 
anhydrides,  the  glncosancs  (C^H^W),  which  act  as  alcohols,  we 
might  repeat  what  we  said  when  speaking  of  mannite.  Bet^ides,  here 
we  approach  M.  Berthelot's  opinions,  who  admits  that  there  may  be 
ethers  both  of  the  glucoses  and  of  the  glucosanes.  To  sum  up,  we 
consider  the  glucoses  as  acting  the  part  of  aldehyds  of  the  first  degree 
and  of  pentatomic  alcohols,  and  as  being  capable  of  producing  anhy- 
drides— glucosanes,  which  retain  the  functions  of  the  bodies  whence 
they  are  derived.     The  glucoses  known  are  very  numerous.    They  are  : 

1st.  Ordinary  glucose,  which  is  produced  by  the  hydration  of  starch 
under  the  influence  of  dilute  acids  or  of  diastase  (the  ferment  which 
exists  in  malt) ;  this  glucose  is  also  found  in  honey,  inverted  sugar,  and 
grape  sugar  ;  it  constitutes  the  saccharine  principle  of  diabetic  urine. 

2nd.  Maltose,  which  only  differs  from  glucose  in  its  rotatoiy  action 
on  light,  and  which  is  obtained  by  the  incomplete  germination  of 

barley. 

3rd.  Levulose,  which  exists  in  cane  sugar  inverted  by  acids,  and 
which  is  obtained  in  a  pure  state  by  hydrating  inulin,  a  compound 
analogous  to  starch,  by  means  of  dilute  acids. 

4tlL  Mannitose,  obtained  by  the  oxidation  of  mannite. 

6th.  Galactose,  which  is  prepared  by  causing  acids  to  act  on  lactose 

or  sugar  of  milk. 

6th.  Inosite,  which  is  extracted  from  the  muscular  tissue. 

7th.  SOTbin,  extracted  from  the  juice  of  the  berries  of  the  service-tree 

(Savhiu  Mteuparia), 

2  H 
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8th.  Eucaljm,  which  is  produoed  in  the  fermentation  of  melitose  in 
consequence  of  the  destruction  of  another  saccharine  principle  which, 
united  with  eucalyn,  appears  to  constitute  melitose. 

The  first  four  of  these  glucoses  present  great  analogies  to  one 
another ;  they  scarcely  differ  except  in  their  rotatory  action  on  light, 
in  certain  physical  properties,  and  some  chemical  properties  of  slight 
importance.  They  are  four  allotropic  states  of  the  same  hody  rather 
than  four  isomers. 

Galactose  differs  more  from  the  preceding  bodies.  While  these  fur- 
nish saccharic  acid  by  oxidation,  galactose  furnishes  an  acid  isomeric 
with  this,  mucic  acid  (CT'ff^O'). 

The  last  three  glucoses  in  the  list  differ  by  more  marked  properties. 
While  all  the  others  can  undergo  alcoholic  fermentation  under  the 
influence  of  yeast  of  beer,  these  do  not  ferment  at  all,  or  only  under 
special  conditions.  With  the  exception  of  inosite,  the  glucoses  are 
decomposed  at  100°  under  the  influence  of  alkalies;  they  reduce 
cupro-potassic  tartrate  with  precipitation  of  red  sub- oxide  of  copper  ; 
and  they  are  not  charred  by  cold  concentrated  sulphuric  acid.  They 
are  clearly  to  be  distinguished  from  mannite  and  dulcite,  which  are 
not  decomposed  under  the  influence  of  alkalies  at  100^. 

The  ethers  of  the  glucoses  are  called  glucosides. 

A  great  number  of  glucosides  exist  in  vegetables ;  they  are  amyg- 
dalin,  arbutin,  phill3'rin,  salicin,  esculiu,  populin,  etc.  Under  the 
influence  of  hydrating  agents,  all  these  bodies  are  capable  of  absorbing 
the  elements  of  water,  and  of  being  split  up  into  glucose  and  a  number 
of  other  products,  among  which  are  acids,  aldehyds,  ammonias,  and 
phenols.  We  cannot  dilate  on  these  substances ;  but  one  fact  must  be 
noticed  which  is  observed  in  the  saponification  of  populin. 

The  foi-mula  of  populin  is  (C*H"0") ;    it  is  a  benzoico-saligenic 

CIVO'  I 

((J*IP)  is  the  hexatomic  radicle  of  glucose  (C'H'O),  the  monatomic 
residue  which  is  derived  from  saligenin  ((7II"0*)  by  the  elimination  of 
the  group  (HO),  and  (C^*0)  is  the  monatomic  radicle  of  benzoic  acid. 
On  taking  up  the  elements  of  water,  populin  ought  therefore  to  be 
transformed  into  glucose  saligenin  and  benzoic  acid : 

(CH*"  j     \ 

Populin.  Water.  Glncoee.  Saligenin. 

+  rs}o) 

Benzoic  odd. 

TTowever,    if  these   actions   be   carefully   manngod,  this   complete 
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division  does  not  take  place  all  at  once,  benzoic  acid  and  salicin  are 
first  obtained  : 


•vi 


Populin.  Water.  Salidn.  Benzoic  add. 

It  ie  only  by  an  ulterior  action  that  salicin  is  transformed  into 
saligenin  and  glucose. 

It  will  be  seen  from  this  that  in  the  saponification  of  the  glucosides,  if 
the  reaction  be  well  chosen  and  managed,  the  different  products  which 
enter  into  the  composition  of  these  bodies  may  be  extracted  one  by 
one. 

Study  of  the  Principal  Saturated  Hexatomic  Alcohols. 

Mannite  (CT[^*0'). — Mannite  was  discovered  by  Proust,  and  its 
composition  determined  by  Liebig.  It  exists  in  a  great  number  of 
vegetables,  and  in  the  saccharine  juices  which  have  undergone  viscous 
or  lactic  fermentation;  it  is  generally  extracted  from  manna,  by 
digesting  this  substance  with  boiling  alcohol,  filtering  while  hot,  and 
crystallizing ;  it  should  be  purified  by  repeated  crystallizations. 

Eecently,  M.  Linnemann  has  prepared  mannite  from  inverted  sugar. 
To  effect  this  he  inverts  a  certain  quantity  of  cane  sugar  by  sulphuric 
acid,  he  then  saturates  the  liquid  with  a  slight  excess  of  alkali,  and 
adds  sodium  amalgam.  As  the  reaction  develops  a  considerable  amount 
of  heat  the  liquid  must  be  cooled ;  when  the  action  is  completed,  the 
liquid  is  saturated  with  sulphuric  acid,  evaporated  to  dryness,  and  the 
mannite  is  extracted  from  the  residue  by  means  of  alcohol,  as  in  ex- 
tracting mannite  from  manna. 

Mannite  is  a  solid  substance,  fusible  between  160°  and  165"",  and 
when  once  melted  it  can  remain  liquid  at  140^  It  exercises  no  action 
on  polarized  light ;  it  dissolves  in  six  and  a  half  times  its  weight 
of  water  at  18°,  and  in  80  parts  of  cold  alcohol  of  the  strength  of 
89  per  cent.,  and  much  more  readily  at  the  boiling  temperature.  Ab- 
solute alcohol  only  dissolves  fourteen  per  cent,  of  its  weight  of 
mannite  ;  ether  does  not  dissolve  it  at  all. 

Mannite  is  deposited  from  its  alcoholic  solution  in  thin,  colourless, 
quadrangular,  silky  prisms.  Its  aqueous  solution,  when  mixed  with 
sulphate  of  copper,  prevents  the  precipitation  of  this  latter  by  potash. 
The  alkaline  liquor,  when  boiled,  does  not  deposit  sub-oxide  of  copper. 
Fehling's  liquor  also  resists  the  action  of  mannite. 

K  mannite  be  raised  to  the  temperature  of  about  200°,  ebullition 
takes  place,  the  greater  part  of  this  sugar  remains  almost  unaltered, 
and  scarcely  coloured ;  another  part  is  dehydrated  and  transformed 
into  mannitane,  according  to  the  equation  : 

(Cm>Hy)     =      (H'O)     +     (C"H'«0') 

Mannitp.  Water.  Mannilane. 

2    H    2 
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This  reaction,  wliich  is  entirely  identical  with  that  which  transforms 
glycenne  into  iodide  of  propyl,  definitely  fixes  the  composition  of 
mannite,  and  renders  the  formula  (C'H'O"),  which  some  chemists  have 
given  to  it,  quite  inadmissible. 

In  presence  of  yeast  of  beer,  mannite  does  not  ferment ;  if  its  solu- 
tion be  maintained  at  40°,  after  having  been  mixed  with  chalk  and 
poor  cheese,  pancreatic  tissue  or  albumen,  fermentation  takes  place, 
hydrogen  and  carbonic  anhydride  are  disengaged,  emd  alcohol  is  pro- 
duced along  with  lactic  and  butyric  acids.  These  two  acids  appear  to 
be  the  result  of  a  concomitant  fermentation,  but  different  from  that 
which  furnishes  alcohol.  M.  Berthelot  affirms  that  in  this  latter  fer- 
mentation no  yeast  is  formed. 

Mannitanb  (C'H^^). — ^Mannitane,  or  the  first  anhydride  of  man- 
nite, can,  according  to  Berthelot,  be  obtained  by  three  processes, 
which  are  :  Ist,  the  saponification  of  mannitic  ethei-s ;  2nd,  the  action 
of  a  temperature  of  200°  on  mannite ;  3rd,  the  action  of  hydrochloric 
acid  at  a  temperature  of  100°  on  mannite. 

In  order  to  saponify  mannitic  ethers,  they  may  either  be  heated 
with  water  to  240°,  or  with  an  alkaline  solution  to  100*^,  or  again  they 
may  be  dissolved  in  alcohol  and  hydrochloric  acid  added.  In  this 
case  the  alcohol  seizes  the  acid  of  mannitic  ether  and  the  mannitane  is 
set  free.  \Vhichever  method  be  used  to  prepare  it,  mannitane  must 
be  purified  by  several  successive  solutions  in  absolute  alcohol,  which 
dissolves  none  of  the  impurities. 

The  formula  of  mannitane  is  (CH^-'O*) ;  it  is  a  syrupy  liquid ;  it 
gives  off  vapours  at  140° ;  on  contaot  with  air  it  absorbs  moisture  and 
re-forms  crystals  of  mannite  ;  this  regeneration  takes  place  with  much 
gi'eater  rapidity  if  mannitane  be  heated  in  a  sealed  tube  with  solution 
of  baryta. 

Mannitane,  when  heated  with  acids  in  sealed  tubes,  forms  the  same 
neutral  compounds  as  mannite. 

From  the  two  facts  that  mannitanides  produce  mannitane  when  they 
are  saponified,  and  that  they  are  re-formed  by  means  of  mannitane  and 
acids,  M.  Berthelot  concludes  that  it  is  not  mannite,  but  mannitane, 
which  is  an  alcohol,  and  that  mannite  is  only  a  hydrate  of  this  alcohol. 
He  supports  his  view  by  the  number  of  mannitanides  which  the  same 
monobasic  acid  can  furnish  with  mannitane,  and  considers  this  body 
as  an  hexatomic  alcohol :  we  have  already  considered  this  question. 

Mannidk  (C'ff^O*).— Mannido,  or  the  second  anhydride  of  mannite, 
has  been  obtained  by  Berthelot  as  a  secondary  product  in  the  prepa- 
ration of  butyric  mannite. 

It  is  a  syrupy  substance ;  its  taste  is  sweetish  at  first,  afterwards 
bitter,  and  it  is  soluble  in  water  and  alcohol. 

Mannide  furnishes  mannite  under  the  same  conditions  as  mannitane : 
heated  with  benzoic  acid  it  gives  rise  to  a  neutral  compound  which  is 
soluble  in  ether,  and  which  appears  to  be  benzoic  mannite.  The  dehy- 
dration of  mannite  has  not  been  pursued  further  than  mannide. 
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Dnloite  (C'H^*0')  (Bynonyms :  Ihdcose,  Dulcin). — In  1848,  there  came 
from  Madagascar  a  substance  in  small  roots  covered  with  crystals,  and 
the  botanic  origin  of  which  was  unknown.  From  this  substance,  Lau- 
rent extracted  dulcite  by  simply  digesting  it  in  boiling  water,  filtering, 
and  leaving  the  filtered  liquor  to  cooL 

Since  then,  M.  Eichler  has  given  a  process  for  the  extraction  from 
Melampyrum  nemorosum  of  a  substance  which  he  calls  melampyrin,  and 
which  Gilmer  has  shown  to  be  identical  with  Laurent's  dulcite. 

In  order  to  extract  dulcite  from  Melampyrum  nemorosum,  a  decoction 
of  this  herb  is  made ;  sufiBcient  lime  is  added  to  render  the  liquid 
alkaline,  and  it  is  then  concentrated ;  the  lime  is  saturated  with  hydro- 
chloric acid  in  slight  excess ;  the  liquid  is  somewhat  further  evapo- 
rated, and  on  allowing  it  to  cool,  dulcite  is  obtained  in  very  white 
crystals. 

Dulcite  has  a  sweet  taste,  similar  to  that  of  mannite ;  it  dissolves 
readily  in  water,  but  with  difficulty  in  alcohol ;  it  fuses  at  182^,  and  is 
destroyed  at  275°,  becoming  charred. 

Dulcite  crystallizes  in  oblique  rhombohedric  prisms;  it  produces 
no  rotation  on  polarized  light ;  boiling  alkalies  do  not  affect  it ;  acids 
act  with  it  as  with  mannite.  AVhen  treated  by  nitric  acid,  it  is 
converted  into  oxalic  and  mucic  acids.  According  to  M.  Carlet,  a 
certain  quantity  of  paratartaric  acid  is  also  produced.  This  latter  fsLot 
appears  to  indicate  that  it  is  only  inactive  on  polarized  light  by  com- 
pensation. 

With  lime  and  baryta,  dulcite  gives  compounds  which  are  analogous 
to  those  furnished  by  mannite ;  it  is  also  precipitated  by  ammoniacal 
acetate  of  lead. 

In  presence  of  yeast  of  beer,  dulcite  does  not  ferment.  If  it  be 
mixed  with  chalk,  poor  cheese  and  water,  and  the  mixture  be  kept  at  40°, 
hydrogen,  carbonic  anhydride,  alcohol,  butyric  acid,  and  lactic  acid, 
are  produced. 

Under  the  influence  of  heat,  dulcite  loses  a  molecule  of  water  and 
gives  dulcitane,  which  is  isolated  by  dissolving  it  in  alcohol ;  more- 
over, dulcitane  may  be  obtained  from  dulcite  by  all  the  processes 
used  to  obtain  mannitane  from  mannite.     Its  formula  is  (C"H"0*). 

When  left  in  free  air,  dulcitane,  which  is  syrupy,  is  transformed 
into  crystals  of  dulcite.  When  heated  with  acids,  it  combines  with 
them,  and  gives  the  same  neutral  compounds  as  dulcite  (dulcitanides). 

To  sum  up,  dulcite  differs  from  mannite  by  its  crystalline  form,  its 
point  of  fusion,  which  is  situated  at  182°  instead  of  165°,  and  its  pro- 
perty of  giving  mucic  acid  when  oxidized.  The  isomerism  of  mannite 
and  dulcite  is  continued  in  the  derivatives  of  these  bodies. 
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Study  of  thk  Sugars. 

OluooBO  (C*H"0*  4"  ^O* — Glucose  is  widely  distribated.  It  is  found 
pure  in  tlie  urine  of  diabetic  persons,  and  mixed  wiih  levulose  in 
boney  and  inverted  sugar.  It  may  be  obtained  from  certain  oi^nic 
principles,  sucb  as  salicin  and  arbutin,  or  by  the  action  of  dUnte  acids 
or  diastase  on  starch.  Cellulose  may  also  be  ti-ansformed  into  glucose 
under  the  influence  of  acids. 

Qelatine,  when  treated  by  boiling  dilute  snlpburio  acid,  and  chon- 
drill,  when  submitted  to  the  action  of  boiling  concentrated  hydrochloric 
acid,  also  give  a  sugar  of  the  glucose  series ;  but  it  is  not  yet  known 
whether  these  sugars  are  identical  with  ordinary  glucose. 

Glucose  may  be  prepared  either  from  honey  or  from  inverted  sugar» 
or  from  diabetic  urine,  or,  which  is  the  method  mast  used,  from  starch. 

When  honey  or  inverted  sugar  are  left  alone  for  a  certain  time, 
glucose  is  deposited  in  or^'stals.  If  the  mass  be  then  treated  with  cold 
alcohol,  this  removes  the  levulase  which  doats  on  the  suiface,  and  the 
glucose  remains  in  an  almost  pure  state. 

In  order  to  extract  glucose  from  diabetic  urine,  the  liquid  is  concen- 
trated till  crystals  are  deposited.  These  are  washed  with  cold  alcohol, 
then  dissolved  in  water,  and  submitted  to  a  new  crystallization. 

As  is  most  frequently  the  case,  when  the  object  is,  not  to  exti*act 
glucose  in  order  to  examine  and  analyze  it,  but  to  prepare  this  body, 
recourse  must  be  had  to  the  action  which  acids  or  diastase  exercise  on 
starch.  If  diastase  be  used,  a  mixture  of  water,  starch,  and  germi- 
nated barley  is  heated  to  70°  until  iodine  no  longer  imparts  a  blue 
colour  to  tlie  liquid,  which  is  then  filtered  and  evaporated  to  a  syrupy 
consistence.    Glucose  crystallizes  after  a  certain  time. 

When  acids  are  used,  a  mixture  is  made  of  starch  and  dilute  sul- 
phuric acid,  and  heat  is  applied  by  means  of  a  current  of  steam  until 
iodine  no  longer  colours  the  liquid  blue,  and  alcohol  does  not  precipi- 
tate it.  The  liquid  is  then  saturated  with  carbonate  of  calcium,  filtered 
and  evaporated  to  the  consistence  of  syrup,  and  left  to  crystallize. 

Cellulose  may  be  substituted  for  starch.  This  must  first  be  dissolved 
in  concentrated  sulphuric  acid,  then  the  solution  diluted  with  water, 
a  part  of  the  acid  saturated,  and  finally  the  operation  is  completed 
by  heating  the  mixture  for  about  twelve  hours  to  100°. 

The  transformation  of  starch  into  glucose  desei-ves  attention.  For  a 
long  time  it  was  thought  to  be  a  simple  hydration ;  it  was  believed  that 
starch  (C'H^O' )  was  transformed  into  dextrin  by  a  simple  isomerip  modi- 
fication, and  that  dextrin  then  absorbed  a  molecule  of  water  (H^O)  in 
order  to  be  transformed  into  glucose.  But  it  appears  from  a  very  import- 
ant work  recently  published  by  M.  Musculus,  that  in  reality  this  is  not 
the  case.  Diastase  e£Pects  the  division  of  starch  into  glucose  and  dextrin, 
and  the  operation  may  be  compared  to  the  saponification  by  water  of 
ethers  or  fatty   bodies.     When  the  division  of  starch  is  completed. 
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dextrin  in  its  turn  can  be  partially  saoobarified.  This  saocharification 
by  diastase  is  always  incomplete.  With  acids  the  phenomena  are 
identical,  with  this  slight  dififerenoe,  that  the  saocharification  of  the 
dextrin  formed  is  mnoh  more  easy. 

Glucose  is  very  soluble  in  water,  though  it  is  less  so  than  cane 
sugar.  One  part  of  glucose  requires  one  part  and  a  tbird  of  cold  water 
to  dissolve  it;  it  is  also  soluble  in  ordinary  boiling  alcohol,  but  less 
so  in  cold  alcohol. 

When  an  aqueous  solution  of  glucose  is  evaporated,  it  assumes  a 
syrupy  state  before  crystallizing,  and  the  crystals  are  only  deposited 
after  it  has  stood  for  some  time. 

Crystallized  glucose  is  found  in  small  lumps,  and  its  crystals  contain 
a  molecule  of  water  of  crystallization,  which  they  lose  at  70°  or  80° 
after  having  undergone  aqueous  fusion. 

It  is  dextrogyrate,  and  its  molecular  rotatory  power  is  equal  to  56°. 

Dry  glucose  is  not  altered  by  a  temperature  of  120o  or  even  130°. 
At  140°  it  loses  water,  and  is  transformed  into  caramel.  If  the  heat 
be  continued,  it  gives  the  same  products  of  decomposition  as  cane 
sugar.  Boiled  for  some  time  with  dilute  sulphuric  or  hydrochlonc 
acid  it  is  decomposed,  and  gives  acids  and  ulmic  compounds.  When 
this  decomposition  takes  place  in  contact  with  air,  formic  acid  is  also 
produced. 

Cold  concentrated  sulphuric  acid  transforms  glucose,  without  char- 
ling,  into  an  allied  acid. 

Alkaline  bases  and  earths  readily  combine  with  this  sugar,  but  these 
compounds  are  very  unstable  and  are  destroyed  at  the  boiling  temper- 
ature. They  are  obtained  by  dissolving  in  a  solution  of  glucose  the 
base'the  glucosate  of  which  is  to  be  obtained,  and  it  is  then  preci- 
pitated by  alcohol.  In  this  way  have  been  obtained  the  glucosate 
of  barium  [(C*H**0*)*(BaO)'  -j-  2  aq.]  and  the  glucosate  of  calcium 
[(C«H"0«)«(CaO)»  +  2  aq.]. 

Oxide  of  lead  gives  with  glucose  a  compound  which  corresponds  to 
the  formula : 

A  hot  solution  of  glucose  reduces  cupro-potassic  tartrate,  and  the 
mixture  of  potash  and  sulphate  of  copper  when  cold. 

Glucose  combines  with  chloride  of  sodium,  and  a  crystallized  com- 
pound is  produced  whose  formula  is  [(C*ff*0*)'NaCl  4-  aq.]. 

When  glucose  is  boiled  with  binoxide  of  lead,  formiate  and  carbo- 
nate of  lead  are  produced,  and  carbonic  anhydride  is  disengaged. 

Chlorine  and  the  perchlorides  destroy  glucose,  charring  it. 

Butyric,  acetic,  stearic,  and  benzoic  acids,  when  heated  with  glucose 
to  100°  or  120°  for  fifty  or  sixty  hours,  combine  with  it,  eliminating 
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water,  and  give  neutral  bodies  analogous  to  fats  and  to  mannitanides  : 
these  are  the  glucosides  of  M.  Berthelot. 

Ijevnlose  (C'H^K)'). — Levulose  is  found  mixed  with  glucose  in  in- 
verted cane  sugar,  honey,  and  the  sugar  of  acid  fruits ;  it  may  be 
extracted  from  these  mixtures  by  a  very  simple  process  which  we  owe 
to  M.  Pubrunfaut,  and  which  consists  in  dissolving  10  grammes  of 
in  veiled  cane  sugar  in  100  grammes  of  water,  and  adding  6  grammes  of 
slaked  lime  to  the  solution.  At  the  end  of  some  time  the  whole 
assumes  the  form  of  a  thick  liquid,  which  is  squeezed  in  a  press.  The 
solid  part  is  the  calcareous  salt  of  levulose.  The  whole  of  the  glucose 
remains  in  solution.  This  calcareous  salt  dissolved  in  water  and  de< 
composed  by  a  current  of  carbonic  anhydride,  furnishes  pure  levulose ; 
the  solution  has  only  to  be  filtered  and  evaporated. 

Levulose  in  a  pure  state  is  obtained  with  greater  rapidity  by  sac- 
charifying inulin  by  dilute  acids :  inulin  is  a  principle  isomeric  with 
starch  contained  in  the  roots  of  elecampane,  the  dahlia,  colchicum, 
and  artichoke. 

Levulose  is  syrupy,  deliquescent,  and  uncrystallizable.  It  dissolves 
very  readily  in  water  and  in  ordinary  alcohol,  but  with  greater  difficulty 
in  absolute  alcohol.     It  haa  a  much  sweeter  taste  than  glucose. 

It  is  levogyrate,  and  its  rotatory  power  is  — 106  at  15*^,  but  it  varies 
greatly  with  the  temperature ;  thus  at  90°  it  diminishes  by  half,  and 
becomes  —63. 

Glucose  having,  on  the  contrary,  a  rotatory  power  which  does  not 
vary  with  the  temperature,  the  variations  of  the  rotatory  power  of 
levulose  ought  to  be  found  in  inverted  sugar,  which  is  a  mixture  of 
equal  weights  of  glucose  and  levulose.  And,  in  fact,  inverted  sugar 
whose  rotatory  power  is  —26  at  16°  becomes  half  as  much  at  62"*,  is 
null  at  90°,  and  changes  its  sign  above  this  temperature. 

Levulose  begins  to  decompose  above  100°,  and  gives  the  same  pro- 
ducts of  decomposition  as  glucose;  with  lime  it  forms  an  insoluble 
compound,  the  formula  of  which  is  [(C«H"0*y(CaO)».] 

Levulose  decomposes  more  readily  than  glucose  under  the  influence 
of  acids  or  of  heat ;  but  it  resists  tbe  action  of  ferments  or  alkalies  much 
better.  Its  greater  resistance  to  the  action  of  ferments  has  been 
utilized  in  its  preparation  :  if,  during  the  course  of  a  fermentation  the 
rotatory  power  of  the  liquid  be  taken  from  time  to  time,  it  will  be 
perceived  that  at  the  end  of  a  certain  time  the  deviation  to  the  left 
attains  its  maximum  and  then  diminishes :  on  arresting  the  fermenta- 
tion at  this  moment,  it  will  be  found  that  all  the  glucose  is  destroyed, 
and  that  the  liquid  contains  only  levulose. 

Maltose  (C'ff  *0*). — When  glucose  is  obtained  by  diastase  and  starch, 
the  product  has  a  rotatory  power  in  the  same  direction,  but  triple  that 
of  ordinary  glucose.  By  the  prolonged  action  of  dilute  acids,  maltose 
is  transformed  into  this  latter  sugar,  and  the  differences  between  them 
do  not  appear  to  us  sufficient  to  make  a  separate  sugar  of  maltose.  It 
is  not  an  isomer,  but  merely  an  allotropic  state  of  gluoose. 
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GkOaotoBe  (0*H"0*).— When  lactose  is  boiled  for  a  long  time  with 
dilute  mineral  acids,  it  is  transformed  into  a  now  sugar  which  fer- 
ments very  readily,  called  galactose. 

It  presents  the  general  reactions  of  the  sugars  with  alkalies  and 
cupro-potassic  tartrate. 

It  crystallizes  more  readily  than  glucose ;  its  rotatory  power  is 
to  the  right,  equal  to  +83° '3;  it  is  soluble  in  water  and  slightly 
soluble  in  cold  alcohol.  Its  most  remarkable  distinctive  characteristic 
is,  that  when  oxidized  by  nitric  acid  it  furnishes  mucic  acid. 

Mannitose  (0*H**0*). — It  has  already  been  said  that  when  mannite 
is  oxidized  by  platinum  black,  a  mixture  of  mannitic  acid  and  of  a 
sugar  which  ferments  readily  is  obtained.  In  order  to  separate  this 
from  mannitic  acid  we  require  to  saturate  by  lime,  precipitate  by 
alcohol,  evaporate  the  filtered  liquid  and  precipitate  a  second  time  by 
alcohol,  after  having  brought  the  solution  to  a  syrupy  consistence  ;  it 
is  again  filtered  and  evaporated  to  dryness. 

Mannitose  is  syrupy  and  is  not  crystallizable. 

It  exercises  no  action  on  polarized  light,  and  presents  all  the  re- 
actions of  the  other  sugars. 
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Chemists  have  not  as  yet  succeeded  in  obtaining  polyglucosic 
alcohols  synthetically  from  glucose,  this  latter  body  not  possessing 
sufficient  stability ;  but  the  vegetable  kingdom  furnishes  us  with  a 
certain  number  of  isomeric  compounds  which  all  have  the  formula 
(C^*H*'0"),  and  which  evidently  represent  diglucosic  alcohoL  ThcKc 
compounds  are  :  cane  sugar  or  saccharose  (ordinary  sugar) ;  melitose, 
extracted  from  Australian  manna ;  trehalose,  which  is  obtained  from  a 
Turkish  manna  called  trehala ;  mycose,  extracted  from  ergot  of  rye  ; 
melezitose,  the  sweet  exudation  from  larch  manna ;  lactose,  or  sugar  of 
milk ;  and  parasaccharose,  obtained  by  transforming  cane  sugar  by 
a  special  ferment. 

One  property  of  these  sugars  leaves  no  doubt  as  to  their  constitution : 
they  are  capable  of  furnishing  by  hydration  two  molecules  of  one 
sugar  or  of  two  isomeric  sugars.  It  is  evident  that  if  the  division 
always  gave  rise  to  a  single  sugar  it  would  be  difficult  to  account  for  it. 
Fortunately,  several  of  the  compounds  are  divided  into  two  isomeric 
sugars  which  may  be  separated,  and  the  analogy  of  properties  which 
exists  among  all  these  bodies  permits  the  statement  that  the  others 
undergo  the  same  division,  with  the  single  diffeience  that,  instead 
of  producing  two  distinct  sugars,  two  molecules  of  one  and  the  same 
sugar  are  formed. 

It  is  by  the  hydration  of  saccharose  and  melitose  that  two  different 
sugars  are  produced.  With  saccharose,  glucose  and  levulose  are 
formed;    eucalyn  and   glucose    are  produced   from    melitose.      The 
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ferments  which  act  readily  on  glucose  and  do  not  act  on  encalyn, 
enable  these  two  bodies  to  be  separated.  Leyulose  is  separated  from 
glucose  by  taking  advantage  of  the  slight  solubility  of  the  compound 
it  foims  with  lime  in'comparison  with  the  calcic  compound  of  glucose, 
which  is  very  soluble. 

The  rational  formula  which  shows  the  splitting  up  of  cane  sugar 
and  its  isomers  is : 

Gftoe  sugar.  Water.  Glnoose.  Levnlooe. 

It  will  be  seen  that  these  sugars  are  only  diglucosic  alcohols  arising 
from  condensation  into  a  single  molecule  with  elimination  of  water, 
either  of  two  molecules  of  one  sugar  or  of  two  molecules  of  two  distinct 

sugars. 

It  will  also  be  seen  that  cane  sugar  and  its  isomers  are  decatomic 
alcohols.  However,  the  experimental  demonstration  of  this  fisict 
presents  great  difficulties  on  account  of  the  extreme  instability  of  the 
compounds  in  question.  It  is  nevertheless  to  be  hoped  that  this 
problem  may  be  solved,  since  M.  Schiitzenberger  has  succeeded  in 
preparing  the  acetic  derivatives  of  cane  sugar,  starch,  and  cellulose,  by 
heating  these  substances  for  some  minutes  with  acetic  anhydride  at  a 
temperature  not  exceeding  the  boiling  point  of  this  anhydride. 


Study  of  the  Principal  Polyglucosic  Alcohols. 

Cane  Sugar  or  Saooharose  (C^^'KP^). — Cane  sugar  exists  in  the 
juice  of  the  sugar-cane,  sorgho  grass,  maize,  beetroot,  carrot,  and  sugar 
maple.  Until  the  last  few  years  it  was  believed  that  acid  fruits  did 
not  contain  any  trace  of  it;  but,  in  1861,  M.  Buignet  showed,  1st,  that 
the  greater  part  of  acid  fruits  contain  a  considerable  portion  of  their 
saccharine  matter  in  the  state  of  cane  sugar:  2nd,  that  that  part 
which  is  not  in  the  state  of  saccharose  is  in  the  state  of  inverted  sugar, 
and  as  cane  sugar  alone  furnishes  inverted  sugar,  this  demonstrates  that 
the  saccharine  matter  was  always  in  the  first  instance  saccharose; 
3rd,  that  what  produces  the  inversion  in  fruits  is  not  the  acid,  but  an 
organic  substance  which  acts  as  a  ferment ;  4th,  that,  in  all  probability, 
the  sugar  is  formed  at  the  cost  of  the  starch,  and  of  a  substance  of  the 
nature  of  tannin  which  exists  in  fruits. 

Cane  sugar  is  extracted  from  sugar-cane  or  beetroot.  We  will  only 
describe  the  processes  generally.  In  order  to  extract  sugar  from  the 
cane,  the  juice  is  pressed  out  from  the  plant  and  heated  with  lime  to 
separate  the  albuminous  substances  which*  are  then  separated  in  the 
form  of  froth  (clarification) ;  then  it  is  evaporated  and  ciystalliEed. 
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The  siigar  thus  obtained  is  called  native  or  moist  sugar ;  it  is  then 
refined,  the  operation  consisting  in  again  dissf>lving  the  sugar  in 
water,  bleaching  the  solution  by  animal  black  in  powder  and  bullock's 
blood,  and  crystallizing  a  second  time  after  filtering. 

The  crystallization  takes  place  in  conical  moulds.  When  it  is 
finished  the  loaf  is  clarified  by  having  syrup  filtered  through  it.  The 
saturated  syrup  cannot  dissolve  more  sugar,  but  dissolves  the  foreign 
substances,  and  the  loaf  of  sugar  becomes  perfectly  white. 

The  processes  used  to  extract  sugar  from  beetroot  are  identical  with 
the  preceding,  with  this  difference,  that  when  the  juice  has  been 
extracted  and  clarified,  instead  of  evaporating  it  immediately,  it  is 
filtered  through  animal  black  in  pieces. 

In  order  to  obtain  sugar  in  large  crystals  (sugar- candy),  its  aqueous 
solution,  previously  evaporated  to  37°  of  the  areometer,  is  placed  in  a 
stove. 

Cane  sugar  is  soluble  in  every  proportion  in  boiling  water,  and  very 
soluble  in  cold  water ;  its  solutions  form  syrup  before  crystallizing;  it 
is  insoluble  in  absolute  alcohol  and  ether;  ordinary  boiling  alcohol 
dissolves  it  sparingly. 

Cane  sugar  cr3*stallizes  in  oblique  rhomboidal  prisms  which  are  hemi- 
hedral,  hard,  and  anhydrous.  Its  density  is  1  *  606 ;  it  turns  polarized 
light  to  the  right,  and  its  molecular  rotatory  power  is  +73°*  8,  and 
does  not  perceptibly  vary  with  the  temperature. 

When  cane  sugar  is  heated,  it  melts  at  106°  without  altering ;  but  if 
the  action  of  this  temperature  be  prolonged,  it  divides  into  glucose  and 
levulosane. 

« 

(C"H«0")     =     ((JWH)*)     +     (C«H^^) 

Saccharoee.  01aco«e.  Levuloeane. 

This  latter  compound  may  be  extracted  from  the  mixture  by 
destroying  the  glucose  by  fermentation  and  evaporating  the  solution. 
However,  it  is  never  obtained  pure.  Heated  with  dilute  acids,  this 
levulosane  gives  rise  to  levulose. 

If  saccharose  be  brought  to  a  high  temperature,  products  are  formed 
which  are  called  caramelie  cusid,  caramdan,  etc.  These  products  are 
black;  they  cannot  be  purified,  and  appear  to  be  the  result  of  a 
molecular  condensation. 

Boiling  dilute  acids  change  the  rotatory  power  of  cane  sugar,  and 
transform  it  into  a  mixture  of  glucose  and  levulose  which  has  received 
the  name  of  inverted  sugar. 

If  the  action  of  boiling  dilute  acids  on  cane  sugar  be  prolonged,  and 
if  these  acids  be  energetic,  humoid  compounds  are  obtained. 

Fatty  oi^anic  acids,  such  as  acetic,  butyric  or  stearic  acid,  combine 
with  sugar  at  120°,  forming  neutred  bodies  analogous  to  the  fatty 
bodies ;  tartaric  acid  also  combines  with  saccharose  under  the  same 
conditions.  Concentrated  sulphuric  acid  evolves  heat  with  cane  sugar, 
and  the  mass  becomes  black.     On  cooling  a  conjugate  acid  is  obtained. 
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Boiling  glacial  acotic  acid  transforms  saccharose  in  a  few  minutes 
into  an  acetic  ether,  which  has  not  yet  been  analyzed. 

Saccharose  combines  with  potash,  baryta,  lime,  etc.  These  com- 
pounds resist  a  temperature  of  100°. 

When  lime  is  dissolved  in  sugar-water,  a  compound  is  produced  the 
formula  of  which  is  (C'^H"0",CaOj,  and  which  is  very  soluble.  The 
solution  of  this  body  coagulates  under  the  influence  of  heat,  and  a  new 
compound  is  precipitated,  wliich  is  tricalcic  saccharose,  the  formula  of 
which  is  [C"H«0",3(CaO)] ;  but  if  the  liquid  be  aUowed  to  cool,  the 
precipitate  is  again  dissolved. 

Barytic  saccharose  (C"^H^",BaO),  which  is  slightly  soluble  in 
water,  has  also  been  analyzed.  On  precipitating  sugar-water  by  the 
ammoniacal  acetate  of  lead,  a  body  is  obtained  which  has  the  formula 
(C«H"rb*0'»). 

All  these  compounds,  treated  by  carbonic  anhydride  in  presence  of 
water,  re-form  pure  saccharose. 

Solution  of  saccharose  does  not  reduce  cupro-potassic  tartrate;  never- 
theless, this  sugar  possesses  a  certain  reducing  action  in  presence  of 
alkalies :  thus,  on  boiling  oxide  of  silver  with  a  mixture  of  sweetened 
water  and  an  alkaline  solution,  metallic  silver  is  obtained. 

Chlorine  attacks  sugar  at  a  temperature  of  100^,  and  forms  black 
compounds,  which  are  but  little  known.  Perchlorides  act  in  the  same 
manner.  If  cane  sugar  be  left  with  bromine  at  the  ordinary  tempera- 
ture the  mass  becomes  syrupy,  and  the  colour  of  the  bromine  dis- 
appears. At  the  end  of  a  certain  time  this  liquid  becomes  black,  and 
is  decomposed.* 

Boiled  with  chloride  of  calcium  or  ammonium,  sugar  is  inverted. 

When  cane  sugar  is  submitted  to  the  action  of  the  yeast  of  beer,  it 
ferments,  but  previously  it  becomes  inverted.  ITiis  fermentation  is 
only  complete  when  the  solution  is  dilute. 

If,  instead  of  submitting  sugar  to  the  action  of  yeast,  its  aqueous 
solution,  mixed  with  phosphate  of  ammonium,  be  left  in  contact  with 
air,  a  ferment  is  developed  differing  from  the  yeast  of  beer  which  also 
transforms  it  into  carbonic  anhydride  and  alcohol ;  but  the  inversion 
takes  place  much  more  slowly — sometimes,  even,  it  is  not  apparent. 
M.  Jodin  has  I'emarked,  that  during  the  summer  this  particular  fermen- 
tation is  accompanied  by  an  isomeric  modiflcation  of  saccharose,  and 
produces  a  new  sugar,  which  will  be  presently  studied  under  the  name 
of  parcisaccharose. 

Cane  sugar  is  a  powerful  agent  for  the  preservation  of  animal  and 
vegetable  substances. 

Under  the  influence  of  oxidizing  agents  it  furnishes  oxalic,  saccharic, 
and  tartaric  acids.- 

Inverted  Sugar. — It  has  been  said  that  cano  sugar  becomes  inverted 
under  the  influence  of  acids.  The  sugar  which  is  thus  formed  is 
identical  with  that  found  in  honey  and  in  acid  fruits.     It  is  not  crys- 

*  J.  Vincent  (unpublislied). 
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tallizable.  When  left  alone  for  some  time  crystals  of  glucose  are 
deposited. 

We  have  seen,  when  speaking  of  levulose,  how  this  latter  body  may 
be  extracted  from  inverted  sugar,  and  have  spoken  of  the  modifications 
heat  produces  in  its  rotatory  power. 

In  order  to  complete  its  study,  and  to  demonstrate  that  this  sugar  is 
a  mixture  of  equal  weights  of  glucose  and  levulose,  it  must  be  added, 
that  when  glucose  is  deposited  in  crystiils  from  inverted  sugar,  the 
rotatory  power  of  the  part  that  remains  liquid  becomes  more  strongly 
levogyrate,  but  that  on  the  glucose  being  redissolved  in  this  liquid  by 
means  of  gentle  heat  its  original  properties  are  restored. 

MeUtose  (C^^ff^"  -f  3  aq.). — Melitose  has  been  extracted  by  Ber- 
thelot  from  Australian  manna,  a  sweet  exudation  produced  by  certain 
species  of  Eucalyptus  of  Van  Diemen's  Land. 

It  is  readily  prepared  by  treating  this  manna  with  water,  bleaching 
the  aqueous  solution  by  animal  charcoal,  crystallizing,  compressing  the 
crystals  between  folds  of  bibulous  paper,  and  purifying  the  product 
by  a  fresh  crystallization. 

The  formula  of  crystallized  melitose  is  (C'^H^O"  +  3  aq.).  At  100° 
it  loses  2  aq.,  and  at  130°  it  loses  the  third  atom;  but  at  this  tempera- 
ture it  begins  to  decompose;  and  if  greater  heat  be  applied,  the 
residue  is  resolved  into  the  usual  principles  which  arise  when  sugars 
are  decomposed  by  heat. 

Melitose  readily  dissolves  in  water;  its  solutions  do  not  become 
more  syrupy  before  crystallizing,  and  are  not  precipitated  by  alcohol. 
They  have  a  tendency  to  become  covered  with  mould. 

Melitose  is  dextrogyrate;  its  rotatory  power  is  +102°;  if  it  be 
heated  for  a  quarter  of  an  hour  with  sulphuric  acid,  this  rotatory 
power  is  modified ;  but  its  direction  is  not  changed,  as  is  the  case  with 
saccharose. 

Ammoniacal  acetate  of  lead  gives  a  precipitate  in  the  solutions  of 
melitose. 

Melitose  is  not  altered  by  the  aqueous  solution  of  baryta  at  100°, 
and  it  exercises  no  reducing  action  on  cupro-potassic  tartrate,  but 
boiling  dilute  sulphuric  acid  communicates  this  latter  property  to  it. 

Boiling  fuming  hj'^drochloric  acid  transforms  this  sugar  into  undeter- 
mined black  substances. 

If  the  liquid  containing  melitose  modified  by  boiling  dilute  sul- 
phuric acid  be  evaporated  and  saturated,  a  syrupy  sugar  is  obtained 
which  is  not  crystallizable,  and  which  belongs  to  the  glucose  senes. 

Heated  with  nitric  acid,  melitose  furnishes  mucic  and  oxalic  acids, 
which  characteristic  clearly  distinguishes  it  from  cane  sugar.  Under 
the  influence  of  the  yeast  of  beer  it  ferments,  but  does  not  give  half 
the  alcohol  and  carbonic  acid  which  would  be  produced  by  an  equiva- 
lent weight  of  cane  sugar  under  the  same  conditions.  When  the  fer- 
mentation is  completed  there  remains  in  the  liquid  a  saccharine  prin- 
ciple incapable  of  fermentation,  which  is  called  encalyn. 
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If,  instead  of  submitting  melitose  to  fermentation,  the  product 
furnished  by  this  sugar  when  treated  by  dilute  sulphunc  acid  be 
fermented,  the  same  result  will  be  obtained,  except  that  only  half  the 
mass  will  be  transformed  into  carbonic  anhydride,  alcohol,  etc.,  and 
there  will  remain  a  weight  of  eucalyn  equal  to  half  the  weight  of  the 
substance  emploj'^ed.  This  tends  to  prove  that  melitose  thus  modified 
forms  a  mixture  of  equal  equivalents  of  eucalyn  and  a  fermentable 
sugar.  If  this  be  the  case,  the  rotatoiy  power  of  this  second  sugar  can 
be  calculated  Iby  knowing  those  of  eucalyn  and  of  the  modified  meli- 
tose :  such  a  calculation  gives  this  new  sugar  a  rotatory  power  about 
equal  to  that  of  ordinary  glucose. 

Thus,  like  cane  sugar,  melitose  appears  to  have  a  complex  grouping, 
and  to  contain  the  elements  of  two  otiier  more  simple  sugars. 

Trehalose  (G"H"0"  +  2  aq.).  —  Trehalose  has  been  extracted  by 
Berthelot  from  a  Turkish  manna,  which  is  called  trehala. 

In  order  to  prepare  this  saccharine  principle,  trehala  is  exhausted  by 
boiling  alcohol.  Sometimes  the  trehalose  crystallizes  when  the  liquor 
cools ;  at  others,  the  solution  must  be  evaporated  and  left  for  several 
days  in  order  to  obtain  crystals.  These  crystals  should  be  compressed 
in  blotting-paper  and  again  dissolved  in  boiling  alcohol,  the  solution 
bleached  by  animal  black,  and  filtered.  On  cooling,  the  crystals  are 
again  deposited,  and  should  be  purified  by  one  or  two  new  crystalliza- 
tions from  boiling  alcohol. ' 

Trehalose  crystallizes  in  hard  rectangular  octohedra,  which  have  a 
sweet  taste.  Their  formula  is  (C"H**0"  +  2  aq.).  They  lose  their 
water  of  crystallization  at  100^,  and  are  then  represented  by  the  same 
formula  as  cane  sugar. 

If  trehalose  be  briskly  heated  to  120^  it  melts ;  but  if  the  heat  be 
applied  slowly,  it  is  dehydrated  without  melting,  and  the  temperature 
maybe  raised  to  180^  without  decomposing  this  sugar,  which  is  much 
more  stable  than  saccharose  or  melitose. 

Trehalose  dissolves  readily  in  water,  and  the  solution  becomes 
syrupy  before  crystallizing ;  it  also  dissolves  in  boiling  alcohol,  though 
in  a  less  degree,  very  slightly  in  cold  alcohol,  and  not  at  all  in  ether. 

Trehalose  is  dextrogyrate ;  its  molecular  rotatory  power  is  +  220^ ; 
it  is,  therefore,  triple  that  of  cane  sugar.  It  does  not  vary  perceptibly 
with  the  temperature,  and  after  twenty-four  hours  it  remains  the  same 
as  immediately  after  solution,  even  when  this  has  been  made  with 
trehalose  dcRiccated  at  18(P. 

Boiling  dilute  sulphuric  acid  attacks  trehalose  with  difficulty ;  on 
continuing  the  boiling  for  several  hours,  the  rotatory  power  of  the 
sugar  is  modified,  becoming  four  times  more  active. 

Trehialose  does  not  ferment  readily  under  the  influence  of  3'east,  but 
when  it  has  been  previously  modified  by  dilute  acid  tlie  fermentation 
becomes  very  easy. 

At  lOO*'  trehalose  is  not  altered  either  by  potash  or  baryta,  and 
it  does  not  reduce  the  potassic  tartrate  of  copper.     Its  aqueous  solutions 
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are  precipitated  by  the  ammoniacal  acetate  of  lead.  Fuming  hydro- 
chloric acid  at  100°  blackens  trehalose  ;  it  is  charred  by  concentrated 
sulphuric  acid  at  the  same  temperature ;  nitric  acid  oxidizes  it,  pro- 
ducing oxalic  acid  but  no  mucic  acid.  At  180^,  this  sugar  combines 
with  stearic,  benzoic,  acetic,  and  butyric  acids,  and  gives  rise  to  bodies 
analogous  to  the  glucosides,  mannitanides,  and  the  fatty  bodies. 

Myoose  (C"H**0"). — Mycose  has  been  extracted  from  ergot  of  rye  by 
Mitscherlich.  He  exhausted  the  powder  with  water,  precipitated  the 
solution  by  sub-acetate  of  lead,  filtered,  and  removed  the  excess  of  lead 
by  sulphuretted  hydrogen.  The  solution  when  again  filtered  and 
evaporated  to  tbe  consistence  of  a  thick  syrup  deposits  crystals  of 
mycose,  which  are  washed  with  cold  alcohol  and  purified  by  several 
crystallizations. 

Mycose  resembles  trehalose  in  its  properties,  with  the  exception  of 
two : 

It  is  not  entirely  dehydrated  at  100". 

Its  rotatory  power  is  less  than  that  of  trehalose. 

Melesitose  (C"11**0"). — Melezitose  has  been  extracted  by  Berthelot 
from  larch  manna,  a  saccharine  exudation  of  the  larch  {Pinus  laryx). 

In  order  to  prepare  this  sugar,  the  manna  is  treated  with  boiling 
alcohol,  [and  the  solution  evaporated  to  the  consistence  of  an  extract. 
At  the  end  of  several  weeks,  crystals  are  deposited  .which  are  pressed 
and  purified  by  another  crystallization  from  boiling  alcohol. 

These  crystals  seen  through  the  microscope  appear  as  oblique  rhom^ 
boidal  prisms.  Their  taste  is  less  sweet  than  that  of  cane  sugar ;  they 
possess  a  certain  quantity  of  water  of  crystallization,  but  it  has  not 
been  determined,  as  the  crystals  are  very  efflorescent.  When  desic- 
cated at  110**,  their  foimula  is  (C"II*0"). 

Melezitose  melts  at  about  140°,  and  is  destroyed  at  less  than  200", 
giving  the  same  products  of  decomposition  as  the  other  sugars ;  it  is 
veiy  soluble  in  water,  from  which  it  is  only  deposited  when  its  solution 
is  of  a  syrupy  consistence;  it  also  dissolves  sparingly  in  boiling 
alcohol,  very  little  in  cold  alcohol,  and  not  at  all  in  ether. 

Melezitose  is  dextrogyrate;  its  rotatory  power  is  -\-04:'^'l.  Under 
the  influence  of  dilute  acids,  and  especially  of  sulphuric  acid,  this 
rotatory  power  is  modified,  and  becomes  similar  to  that  of  ordinary 
glucose.  This  modification  requires  about  an  hour  for  its  production  ; 
it  therefore  takes  place  more  slowly  than  with  cane  sugar  and  quicker 
than  with  trehalose.  It  must  be  remarked  that,  whilst  the  action  of 
acids  splits  up  cane  sugar  and  melitose  into  two  different  sugars,  this 
same  action  appears  only  to  produce  a  single  sugar  with  trehalose  and 
melezitose. 

Alkalies  do  not  alter  melezitose  at  100°,  and  the  cupro-potaseio  tar- 
trate is  not  affected  by  it.  Cold  sulphuric  acid  chars  it,  and  boiling 
hydrochloric  acid  soon  turns  it  brow^. 

Melezitose  is  capable  of  undergoing  alcoholic  fermentation,  but 
this  takes  place  slowly  and  with  difficulty.     If  however  the   action 
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of  the  yeast  be  preceded  by  that  of  boiling  dilute  acids,  the  fermeDtar 
tion  is  readily  produced. 

Melezitose  is  oxidized  by  nitric  acid,  and  oxalic  acid  is  produced ; 
but  the  production  of  mucic  acid  has  never  been  observed  in  this 
reaction. 

IjaotoBe  ((?*H'^"+  *<!•)• — ^P  ^  *^®  present  time  lactose  has  only 
been  obtained  from  the  milk  of  the  mammalia,  from  which  it  is  extracted 
by  coagulating  the  curd  by  a  small  quantity  of  sulphuric  acid.  The 
mixture  is  then  filtered,  evaporated,  and  crystallized.  The  crystals 
should  be  redissolved  in  water  and  their  solution  bleached  by  animal 
black,  and  then  again  submitted  to  crystallization. 

Sugar  of  milk  crystallizes  in  oblique  rhomboidal  prisms,  of  a  density 
of  1*53.  It  is  hard,  transparent,  gritty  between  the  teeth,  and  has 
only  a  very  slightly  sweet  taste ;  it  dissolves  in  six  parts  of  cold  water, 
evolving  heat,  and  in  two  and  a  half  parts  of  boiling  water. 

Cold  alcohol  and  ether  do  not  dissolve  lactose.  *  The  ciystals  when 
desiccated  at  100°  have  the  formula  (C'*H«K)"4-  aq.).  Heated  to 
150°,  they  lose  their  water  of  crystallization,  and  are  then  represented 
by  the  same  formula  as  cane  sugar.  Moreover,  at  this  temperature 
they  commence  to  decompose,  and  at  170°  are  completely  destroyed. 

Sugar  of  milk  produces  right-handed  rotation.  This  power,  referred 
to  the  formula  (C"H«0"),  is  equal  to  +59°-3.  It  is  stronger  by 
3*8  in  recent  solutions,  but  rapidly  diminishes  to  attain  the  constant 
term. 

When  sugar  of  milk  is  heated  with  dilute  mineral  acids,  or  with 
strong  organic  acids,  it  is  transformed  into  galactose  and  its  rotatory 
power  is  modified. 

Lactose  is  carbonized  at  100^  under  the  influence  of  fuming  hydro- 
chloric acid  and  of  concentrated  sulphuric  acid.  Gaseous  hydro- 
chloric acid  combines  with  lactose,  forming  a  grey  mass,  from  which 
sulphuric  acid  displaces  the  sugar. 

AVhen  oxidized  by  nitric  acid,  sugar  of  milk  furnishes  mucic  and 
oxalic  acids.  Liebig  has  also  proved  the  formation  of  saccharic  and 
ordinary  tartaric  acids  in  this  reaction. 

Treated  with  a  mixture  of  sulphuric  and  nitiic  acids,  lactose  gives  a 
nitrous  product  which  is  insoluble  in  water  and  soluble  in  alcohol,  from 
which  it  may  be  deposited  in  crystals.     This  product  explodes  at  100°. 

Lactose  combines  with  bases,  such  as  soda  or  potash,  in  the  propor- 
tion of  one  equivalent  of  sugar  to  three  of  base.  These  compounds 
are  prepared  by  dissolving  the  alkali  in  the  solution  of  milk  sugar, 
and  precipitating  by  alcohol. 

Milk  sugar  may  be  extracted  intact  from  these  combinations  when 
obtained  cold ;  but  if  these  latter  be  heated  to  100°  they  become  yellow, 
and  are  decomposed  like  the  glucosates. 

When  sulphate  of  copper  is  dissolved  in  a  solution  of  milk  sugar, 
and  a  little  potash  added  to  the  solution,  a  precipitate  forms  which 
again  dissolves.    If  a  greater  quantity  of  potash  be  added,  ?*  deposit  of 
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sub-oxide  of  copper  is  produced :  this  reduction  is  assisted  by  gentle 
heat.  Lactose  also  reduces  cupro-potassic  tartrate ;  but  if  quantities 
of  glucose  and  lactose  containing  the  same  "weight  of  carbon  be  taken, 
it  is  observed  that  milk  sugar  reduces  less  oxide  of  copper  than  glucose 
does.     The  quantities  reduced  are  as  7  to  10. 

Milk  sugar  does  not  ferment  by  the  addition  of  yeast,  but  in  presence 
of  animal  substances  one  portion  of  it  is  transformed  into  galactose, 
which  undergoes  alcoholic  fermentation,  while  the  greater  part  is 
transformed  into  butyric  and  acetic  acids.  According  to  Luboldt,  a 
certain  quantity  of  alcohol  is  always  produced  when  milk  sugar  fer- 
ments between  16°  and  20° ;  but  in  proportion  as  acidity  is  mani- 
fested the  alcoholic  fermentation  becomes  less  intense,  without  how- 
ever entirely  ceasing. 

The  solution  of  milk  sugar  is  precipitated  by  ammoniacal  acetate  of 
lead.     Tartaric  acid  combines  with  lactose  at  the  temperature  of  100°. 

Paraaaccharose  (C^H^K)"). — ^Farasaccharose  is  the  sugar  which  is 
isomeric  with  cane  sugar,  the  production  of  which,  in  a  special  fermen- 
tation of  saccharose,  we  previously  mentioned.  The  following  are  its 
properties : 

Parasaccharose  is  very  soluble  in  water  without  being  hygrometric : 
alcohol  at  90°  does  not  perceptibly  dissolve  it. 

At  100^  it  becomes  coloured  and  appears  to  decompose  slightly. 

Desiccated  in  vacuo  at  16°  it  corresponds  to  the  formula  ((7*H"0"). 
It  is  dextrogyrate :  its  rotatory  power  is  about  -|-108°  to  110°,  and  does 
not  vary  with  the  length  of  time  the  solution  has  been  made. 

Pai-asaccharose  reduces  cupro-potassic  tartrate;  but  its  reducing 
power  is  inferior  to  that  of  glucose,  and  even  to  that  of  lactose.  Equal 
equivalents  of  these  three  sugars  reduce  quantities  of  oxide  of  copper 
which  are  as  10  :  7  :  6. 

Like  lactose,  parasaccharose  is  therefore  intermediate  between  the 
sugars  which  evidently  belong  to  the  family  of  saccharose  and  those 
which  are  grouped  round  glucose. 

It  is  not  modified  by  dilute  sulphuric  acid  at  100°.  Hydrochloric 
acid,  on  the  contrary,  imparts  a  brown  colour  to  its  solutions,  raises  its 
reducing  power  to  the  level  of  that  of  lactose,  and  lowers  its  rotatory 
power  to  that  of  saccharose. 
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As  to  levulose  there  corresponds  a  known  anhydride,  levulosane, 
derived  from  it  by  the  loss  of  (H*0) ;  and  as  anhydrides,  little  known, 
but  derived  in  the  same  manner,  correspond  to  the  other  sugars,  so 
anhydrides  derived  by  the  elimination  of  one,  two,  three  . . .  n  mole- 
cules of  water  should  correspond  to  the  di,  tri . . .  n  glucosic  alcohols. 

Thus,  if  we  establish  the  formulaa  which  the  first  anhydrides  of  the 
different  polyglucosic  alcohols  should  have,  it  will  be  seen  that  here, 
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as  with  the  anhydrides  of  glycols  and  condensed  glycerines,  these 
foimnlas  are  the  multiples  of  each  other : 

((?H««|(OH)«)  -   (HK))    =  (C^^-J^H)*)  =  (C^'O') 


Gluooie. 


rtn 


Water. 


DI^qocmIo  alcohol. 


CTI-  {g>H) 


-    (WO)    = 


lat  glQoosic  anh  jdrlde. 

0"      \ 

§^^'\   =  (C"H"0») 
(OH)'/ 


Water. 


y 

l8t  dlgloooalo  alcohol. 


0"      \ 


(?H«"  I  (OH)*  I  -    (HK))    = 
^"^  {(OH)' 


j(OH)* 
0" 


/cm' 

i(OH)'/ 


\ 


=  (C*»H*0") 


Trlglnooaic  aloohoL 


Water. 


lat  trtglaoosic  anhydride. 


The  formula  (CnB[**0')  of  the  first  glucosic  anhydride  is  that  adopted 
to  represent  the  composition  of  a  series  of  bodies  which  can  all  produce 
glucose  by  being  hydrated. 

These  bodies  are  different  kinds  of  fecula  and  starch,  which  are 
designated  by  the  general  name  of  amylaceous  substances ;  inuline, 
cellulose,  dextrine,  and  gums. 

Though  having  a  constant  composition,  amylaceous  matter,  inuline 
and  cellulose  do  not  crystallize,  and  present  a  fibrous  or  cellular  struc- 
ture which  is  readily  recognized  under  the  microscope.  They  form  a 
large  portion  of  vegetable  matter.  Dextiine  and  the  gums  do  not 
possess  either  an  organized  or  a  crystalline  structure ;  they  belong  to 
that  class  of  substances  which  are  capable  of  forming  masses,  homo- 
geneous throughout  without  being  crystalline,  and  which  are  called 
coUaid  bodies. 

The  most  simple  formula  that  can  express  the  constitution  of  these 
bodies  is  that  of  the  first  glucosic  anhydride  (CH^^O*),  but  it  is  by  no 
means  certain  that  this  formula  really  represents  the  weight  of  their 
molecule.  Indeed,  their  organized,  or  at  least  their  colloidal  state 
appears  to  prove  that  their  molecule  corresponds  to  a  formula  the 
multiple  of  the  preceding.  These  bodies  would  therefore  be  the  first 
anhydrides  of  the  polyglucosic  alcohols.  They  might  even  be  these 
alcohols  themselves,  because  analysis  cannot  decido  between  two 
formulae  so  pearly  resembling  each  other  as  those  of  triglucosic  alcohol 
(C*'H'*0")  and  that  of  its  first  anhydride  (C"H«^0"). 

In  order  to  determine  the  degree  of  molecular  complication  of  the 
different  bodies  in  question,  we  must  take  into  consideration  the  fact 
before  mentioned,  that  in  the  saponification  of  the  glucosic  ethers  the 
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different    BubBtances  which    enter  into  their    composition    may  be 
extracted  one  by  one. 

If,  therefore,  starch  be  a  diglucosio  anhydride,  under  hydrating 
inf  aences  it  should  at  once  be  resolved  into  two  molecules  of 
glucose.  But  if  starch  be  a  triglucosic  anhydride,  or  a  triglucosio 
alcohol,  it  ought,  under  the  influence  of  weak  reagents,  to  divide 
first  into  glucose  and  diglucosic  alcohol  or  anhydride,  which  by  a 
further  action  would  then  be  transformed  into  two  molecules  of 
glucose : 

^^'"  J(ohA  /  ^^^  .  0"     ) 

Isfc  triglnooBic  anhydride.  Water.  Qluooee.  lat  dle^codc  anhydride. 

The  latter  is  the  case  observed.  M.  Musculus  has  seen  that  when 
diastase  acts  on  starch,  this  splits  up  into  dextrine  and  glucose.  Under 
the  influence  of  dilute  acids  at  a  temperature  of  100°,  dextrine  in 
its  turn  is  transformed  into  glucose.  Starch  ought  consequently  to 
be  considered  as  a  triglucosic  alcohol  or  anhydride.  When  hydrated 
it  gives  glucose  and  dextrine,  which  represents  a  diglucosic  anhy- 
dride; then  this  is  resolved  into  two  new  molecules  of  glucose; 
starch  ought  therefore  to  be  represented  by  one  of  the  two  formulae 
(C»TaTO»*)  or  (C'«H«'0"). 

It  is  evident  that  if  starch  be  a  product  of  condensation,  cellulose 
must  also  be  one,  since  its  structure  is  still  more  organized.  It  is 
not  known  whether  several  kinds  of  cellulose  exist  or  not.  At  present 
only  one  is  known.  But  alkalies  and  boiling  acids  are  used  to  purify 
it,  and  these  means  may  possibly  reduce  to  this  one  state  products 
much  more  complicated. 

However  this  may  be,  a  division  similar  to  that  imdergone  by 
starch  has  not  been  observed  in  the  saccharification  of  the  only 
cellulose  known,  and  nothing  can  therefore  be  concluded  as  to  the 
degree  of  condensation  of  this  body. 

These  remarks  on  starch  and  cellulose,  though  still  resting  only  on 
hypotheses,  are  of  great  importance.  K  the  conclusions  they  present 
should  be  strictly  proved,  these  bodies  would  no  longer  be  regarded 
as  giving  rise  to  the  sugars,  but  as  being  generated  by  them. 

Moreover,  if  the  immediate  nitrogenized  principles  of  animals  and 
vegetables,  such  as  the  albuminous  substances  and  gelatine,  be  am- 
moniacal  derivatives  of  the  sugars,  as  certain  experiments  give  reason 
to  suppose,  the  sugars  are  the  centres  of  production  of  all  organized 
substances — ^the  principal  elements  of  organized  bodies. 

These  questions  are  doubtless  very  obscure,  and  do  not  at  present 
admit  of  solution;  but  the  hypotheses   are  deduced   from   known 
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facts  80  logically,   and  are   of  such  importance,   that  I  thought  it 
neceBsary  to  mention  them  here. 

The  compounds  just  reviewed  as  representing  the  classes  of  tetr-, 
pent-,  and  hex-atomic  alcohols,  have  hitherto  been  included  under  the 
name  of  sugars.  Thus  erythrite,  mannite,  dulcite,  the  glucoses,  cane 
sugar  and  its  isomers  were  sugars.  We  have  not  thought  it  advisable 
to  retain  this  general  denomination,  which  is  not  based  on  any  well- 
defined  common  characters.* 


Stody  of  the  Principal  Polyqlucosic  Anhydkides. 

Cellulose  (C*H**0*)n.  —  Cellulose  forms  the  basis  of  vegetables, 
in  which  it  is  mixed  with  different  incrusting  matters  and  mineral 
salts;  it  also  forms  part  of  the  substance  known  as  chitin  which 
constitutes  the  skin  of  the  animals  belonging  to  the  class  annulata. 

The  composition  and  chemical  reactions  of  cellulose  are  always 
the  same;  but  there  are  properties  which  depend  on  its  state  of 
aggregation,  and  which  vary  according  to  the  vegetables  whence  it 
is  extracted. 

Cotton,  paper,  and  old  linen,  which  are  almost  entirely  composed 
of  it,  are  used  in  the  preparation  of  cellulose,  these  bodies  being 
freed  from  the  incrusting  matter  they  still  contain.  To  effect  this, 
they  are  boiled  with  a  weak  solution  of  potash,  washed,  and  suspended 
in  .water,  and  a  current  of  chlorine  is  transmitted  through  this  liquid. 
They  are  then  boiled  a  second  time  with  weak  potash,  washed  with 
acetic  acid,  then  with  boiling  water,  and  finally  with  alcohol  and 
ether,  after  having  been  previously  dried  at  100°;  they  are  then 
considered  as  pure  cellulose. 

Pure  cellulose  is  a  white,  diaphanous  solid,  insoluble  in  cold  water, 
alcohol,  ether,  and  the  oils :  its  density  is  1*525. 

Cellulose  dissolves  in  the  blue  liquid  obtained  by  leaving  pieces 
of  copper  in  ammonia  exposed  to  the  air ;  hydrochloric  acid  preci- 
pitates it  from  this  solution,  but  an  excess  of  the  reagent  redis- 
solves  the  precipitate. 

When  pure,  air  does  not  affect  it ;  in  wood,  and  under  the  simul- 
taneous influence  of  the  nitrogenized  substances  with  which  it  is 
mixed,  air  and  moisture,  it  undergoes  slow  combustion,  and  is  trans- 
formed into  a  brown  friable  substance. 

When  brought  into  contact  with  sulphuric  or  concentrated  phos- 
phoric acid,  cellulose  dissolves  without  becoming  coloured.  If  water 
be  added  to  the  liquid,  the  acid  saturated  with  baryta,  and  any  excess 
of  baryta  removed  by  a  current  of  carbonic  gas,  the  liquid,  when 
filtered  and  evaporated,  leaves  a  gummy  residue,  insoluble  in  water, 
which  is  isomeric  with  cellulose,  and  is  known  as  dextrine. 

*  See  "  Des  Sucres"  par  A.  Nnquet. 
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Concentrated  nitric  acid  acts  on  cellulose,  producing  nitrous  deri- 
vatives. That  resulting  from  the  most  advanced  substitution  answers 
to  the  formula  (C*'H*"(N0*)*O*").  These  products  are  very  explosive. 
That  prepared  by  means  of  cotton  is  called  pyroxylin,  or  gun- 
cotton.  It  has  been  proposed  to  substitute  it  for  gunpowder,  but  it 
is  very  liable  to  burst  fire-arms. 

Gun-cotton  is  soluble  or  insoluble  in  a  mixture  of  alcohol  and  ether, 
according  to  whether  the  substitution  of  which  it  is  the  result  is  more 
or  less  complete.  When  soluble,  it  gives  a  thick  product — collodion, 
which  adheres  to  substances  with  which  it  is  brought  in  contact.  Col- 
lodion is  used  in  surgery  to  unite  the  edges  of  wounds,  and  in  photo- 
graphy to  fix  impressionable  substances  on  the  surface  of  glass. 

According  to  B^champ,  nitric  cellulose  is  reduced  to  the  state  of 
ordinary  cellulose  when  submitted  to  the  action  of  reducing  agents. 
When  distilled  in  a  closed  vessel  with  potash  moistened  with  water, 
it  gives  hydrogen  and  wood-spirit ;  melted  with  potash  it  gives  potassic 
oxalate. 

.  Pure  cellulose  is  not  coloured  blue  by  iodine ;  but  when  it  has  under- 
gone a  commencement  of  disaggregation  b}''  means  of  concentrated 
sulphuric  acid,  it  becomes  blue  on  the  action  of  iodine. 

Cellulose  also  dissolves  in  boiling  glacial  acetic  acid,  giving  a  com- 
pound ether  which  has  not  yet  been  analyzed. 

Amylaoeous  Matter  (C®H*^0'*)n. — This  substance  is  found  deposited 
in  grains  in  certain  parts  of  plants,  especially  in  the  perisperm  and 
cotyledons.  The  amylaceous  matter  extracted  from  potatoes  is  called 
fecula,  and  that  obtained  from  the  cereals  is  named  starch.  The  fectda 
of  certain  tropical  plants  is  also  used  as  arrow-root,  sago,  tapioca,  etc. 

In  order  to  extract  the  fecula  contained  in  potatoes,  these  n^t  be 
grated,  and  a  stream  of  water  directed  on  the  pulp  placed  on  a  sieve ; 
the  fecula  is  carried  away  by  the  water  into  a  receiver,  at  the  bottom 
of  which  it  is  deposited.  The  water  is  decanted,  and  the  deposit  is 
washed  two  or  three  times  with  fresh  water,  and  dried. 

For  laboratory  purposes,  in  order  to  obtain  fecula  in  a  perfectly  pure 
state,  it  is  boiled  in  alcohol  holding  in  solution  0*001  of  caustic  potash 
in  order  to  remove  a  small  quantity  of  fatty  matter,  and  finally  it  is 
washed  with  alcohol  and  with  water,  and  dried. 

Wheat  starch  is  now  extracted  in  a  similar  manner;  the  flour 
is  made  into  paste  with  water,  and  this  paste  placed  on  a  sieve  and 
submitted  to  the  action  of  a  jet  of  water.  Formerly  the  paste  was 
fermented,  the  nitrogenized  matters  became  soluble,  and  the  starch  was 
obtained  by  washing  the  residue  of  the  fermentation.  This  method 
gave  less  product  than  the  present  pi-ocess,  and  was  unhealthy  on 
account  of  the  foetid  emanations  which  exhaled  during  the  fermentation. 

Amylaceous  matter  constitutes  a  true  organized  material ;  seen  under 
the  microscope,  it  appears  formed  of  small  grains.  These  grains  are 
composed  of  layers,  which  are  closely  superimposed,  and  are  distin- 
guished from  each  other  by  their  densities :  they  are  disposed  sym- 
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metrically  round  a  point  of  the  Bupei-fioies  of  the  globule,  which  point 
is  called  the  hUum  or  umbUicua. 

The  size  and  form  of  the  amylaceous  grains  differ  considerably 
according  to  the  plant  from  which  they  are  extracted.  Their  source 
may  generally  be  determined  by  Oftrefiilly  examining  their  form  under 
the  microscope,  and  measuring  their  diameter. 

Amylaceous  matter  is  insoluble  in  cold  water ;  hot  water  penetrates 
it,  its  globules  swell,  and  it  is  converted  into  a  gelatinous  matter. 
When  this  is  diluted  by  water  and  filtered  it  gives  a  liquid  which 
colours  iodine  blue.  It  was  therefore  believed  that  dif^aggregated 
amylaceous  matter  was  soluble  in  water ;  but  Payen  has  shown  that 
this  is  not  the  case.  This  phenomenon  is  entirely  owing  to  the  amyla- 
ceous substance  passing  through  the  filters.  If  hyacinth  bulbs  are 
plunged  into  such  a  liquid,  the  water  alone  penetrates  them  by  endos- 
mosis,  and  the  starch  is  deposited  upon  them  in  a  solid  state. 

Dilute  acids  entirely  disaggregate  the  different  species  of  fecula,  and 
transform  them  into  a  soluble  gummy  substance  known  as  dextrine, 
the  same  as  is  produced  by  the  disaggregation  of  cellulose.  The  same 
transformation  of  amylaceous  matter  is  also  effected  simply  by  the 
influence  of  a  temperature  of  160°* 

Certain  albuminous  substances  in  decomposition,  such  as  diastase 
which  is  found  in  germinated  barley,  produce  the  same  metamorphosis 
when  they  are  heated  to  70°  with  water  and  starch ;  in  this  case  the 
amylaceous  matter  appears  clearly  to  be  divided  into  glucose  and 
dextrine. 

Concentrated  sulphuric  acid  rubbed  up  with  amylaceous  matter 
gives  a  compound  acid  containing  the  elements  of  the  two  bodies  less 
one  or  more  molecules  of  water;  when  hot  this  mixture  becomes 
charred.  Nitnc  acid  of  the  density  of  1  *5  dissolves  starch ;  water 
poured  into  this  solution  gives  a  white  precipitate  known  as 
xyloidin,  and  which  is  only  a  nitric  derivative  answering  to  the  formula 
[C*H»(NO«)OT». 

Starch,  when  mixed  with  water  and  albuminoid  matters,  undergoes 
lactic  and  butyric  fermetitations. 

Like  cane  sugar  and  cellulose,  starch  dissolves  in  glacial  acetic  acid, 
and  gives  acetic  ethers  which  have  not  yet  been  analyzed. 

Dextrine  (C'ff^O®)*. — Dextrine  is  a  product  of  the  disaggregation  of 
different  kinds  of  starch  or  cellulose.  It  has  already  been  seen  how  it 
may  be  procured  from  these  substances. 

It  is  a  gummy  body,  soluble  in  water,  which  it  renders  viscid.  Its 
solution  strongly  deviates  the  plane  of  polarized  light  to  the  right, 
from  which  property  its  name  is  derived.  It  is  perfectly  insoluble  in 
alcohol,  which  indeed  precipitates  it  from  its  aqueous  solution. 

When  a  little  potassic  hydrate  and  a  few  drops  of  a  dilute  solution 
of  sulphate  of  copper  are  added  to  a  solution  of  dextrine,  the  mixture 
becomes  white ;  at  86°  it  deposits  red  crystalline  sub-oxide  of  copper. 
This  reaction  clearly  distinguishes  dextrine  from  gum.  Its  aqueous  solu- 
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tion  is  not  precipitated  either  by  the  acetate  or  the  Bub-acetate  of  lead, 
bat,  if  ammonia  be  added,  a  plumbic  compound  is  precipitated  whose 
formula  is  (C«ff«0«,PbO). 

Boiled  for  several  hours  in  dilute  hj'dixKihloric  or  sulphuric  acid, 
dextrine  absoibs  the  elements  of  water,  and  is  converted  into  glucose. 

(C^H^W)     +     CH"0)     =     (C«H"0*) 

Dextrine.  Wnter.  Qluooae. 


APPENDIX  TO  HEX  ATOMIC  ALCOHOLS. 

Saooharometry. — The  object  of  saccharometry  is  :  Ist,  to  determine 
whether  a  body  contains  cane  sugar  or  a  sugar  of  the  glucose  series ; 
2nd,  to  ascertain  whether  cane  sugar  be  mixed  with  glucose;  3rd,  to 
determine  the  proportions  of  these  substances  present,  whether  single 
or  mixed. 

Cane  sugar  or  glacose  may  be  readily  detected  by  submitting  the 
liquid  containing  them  to  the  action  of  yeast.  Alcohol  and  carbonic 
anh3'dride  are  formed. 

Olucose  is  also  easily  recognized  by  means  of  reagents  which  will 
be  spoken  of  presently,  by  the  aid  of  which  cane  sugar  can  also  be 
detected  after  having  been  inverted  by  boiling  dilute  sulphuric  acid, 
or  by  hydrochloric  acid. 

In  order  to  discover  the  presence  of  glucose,  either  alone  or  mixed 
with  cane  sugar,  one  of  the  following  processes  may  be  employed. 

On  boiling  the  saccharine  solution  with  potash  or  soda,  it  becomes 
brown  if  glucose  be  present.  It  is  best  to  use  the  double  tartrate  of 
potassium  and  copper  in  alkaline  solution,  as  this  reagent  is  not 
afifected  by  being  boiled  with  cane  sugar,  whilst  glucose  or  inverted 
sugar  in  these  conditions  precipitate  the  red  sub-oxide  of  copper.  This 
test  is  very  delicate. 

The  employment  of  bichromate  of  potassium  has  also  been  recom- 
mended. This  is  mixed  with  the  saccharine  solution  while  boiling. 
As  the  mixture  cools  it  turns  green  if  cane  sugar  be  present  The 
solution  of  glucose  does  not  under  these  circumstances  assume  a  green 
shade,  and  if  the  cane  sugar  contain  only  a  third  of  its  weight  of 
glucose  the  green  colour  which  characterizes  it  wiVL  not  be  manifested. 
Below  this  proportion  glucose  does  not  prevent  the  coloration,  but  its 
intensity  is  not  so  great  as  it  would  be  if  the  sugar  were  pure. 

The  most  important  part  of  saccharometry  is  the  detormi^ation  of 
the  proportions  of  sugar  and  glucose.  The  methods  used  to  effect  this 
are  founded  on  either  the  chemical  or  the  physical  properties  of  these 
bodies. 

Chemical  Processes. — Ist.  JPermento^ton.— This  method  of  analysis  is 
not  exact,  and  is  no  longer  used.  It  conkisted  in  fermenting  a  known 
weight  of  pure  sugar,  and  measuring  the  carbonic  anhydride  formed,  or 
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of  estimating  the  quantity  of  alcohol  by  means  of  the  hydrometer. 
The  substance  to  be  analyzed  was  fermented,  and  the  weight  of  sugar 
was  deduced  from  the  volume  of  carbonic  anhydride  or  the  quantity  of 
alcohol  it  furnished. 

When  the  substance  contained  both  glucose  and  sugar,  the  weight  of 
tibe  two  was  first  ascertained  by  fermentation,  then  the  glucose  was 
destroyed  by  boiling  with  an  alkali  for  a  few  minutes,  when  a  second 
fermentation  gave  the  weight  of  the  cane  sugar,  and  the  difference  that 
of  the  glucose. 

2nd.  BarresmPs  Process. — This  process  is  now  preferred ;  it  is  based 
on  the  reduction  of  alkaline  solutions  of  the  salts  of  copper  by  glucose. 
A  solution  is  made  of  40  gr.  of  pure  crystallized  sulphate  of  copper, 
600  or  700  gr.  of  the  solution  of  caustic  soda  of  a  density  of  1*12,  and 
160  gr.  of  neutral  tartrate  of  potassium  dissolved  in  a  little  water. 
The  cupric  solution  is  gradually  poured  into  the  alkaline  liquid,  and 
the  mixture  is  diluted  by  a  volume  of  water  sufficient  to  cause  it  to 
occupy  1164"4  cubic  centimetres  at  a  temperature  of  16°. 

In  order  to  determine  the  strength  of  this  liquid,  a  certain  weight  of 
sugar-candy  is  inverted ;  after  measuring  the  volume  of  the  solution,  it 
is  placed  in  a  graduated  glass,  and  poured  dropsy  drop  into  a  small 
flask  containing  10  cubic  centimetres  of  the  cupric  solution  added  to 
40  of  distilled  water,  and  boiled.  A  yellow  precipitate  first  forms, 
then  a  red  one,  which  sinks  to  the  bottom  of  the  vessel.  The  process 
is  discontinued  when  the  cupric  solution  is  decolorized,  and  from  the 
quantity  of  saccharine  solution  employed  the  weight  of  the  sugar 
which  corresponds  to  10  cubic  centimetres  of  this  cupric  solution  is 
deduced.  Generally,  when  the  solution  has  been  prepared  in  the  pro- 
portions indicated,  10  cubic  centimetres  correspond  to  0-050  of  dry 
glucose. 

This  proportion  being  once  ascertained,  nothing  is  easier  than  to 
determine  the  quantity  of  sugar  contained  in  a  liquid,  provided  that  it 
do  not  also  contain  bodies  capable  of  reducing  the  cupro-potassic  tar- 
trate. We  have  only  to  examine,  by  the  operation  just  described,  how 
much  of  this  saccharine  liquid  is  required  to  decolorize  a  given  volume 
of  the  reagent. 

If  a  mixture  of  cane  sugar  and  a  reducing  sugar  is  to  be  analyzed, 
the  proportion  of  the  latter  must  first  be  determined,  then  the  cane 
sugar  is  inverted,  and  a  new  determination  is  made.  On  subtracting 
from  the  total  quantity  of  sugar  obtained  in  this  second  operation  that 
of  the  reducing  sugar  given  by  the  first,  the  difference  will  give  the 
cane  sugar. 

In  order  to  complete  the  description,  the  processes  of  MM.  Peligot 
and  Dubrunfaut  must  be  mentioned. 

3rd.  Pdigot's  Method. — M.  Peligot  advises  the  saturation  of  lime  by 
the  saccharine  liquid,  then  the  determination  of  the  proportion  of  this 
base  by  a  volumetric  solution  of  sulphuric  acid,  and  the  deduction  of 
the  quantity  of  sugar  from  that  of  the  lime.     This  process  does  not 
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give  exact  results,  because  the  saccharate  of  calcinm  dissolved  in  water 
has  not  a  constant  composition. 

4th.  Ikibrunfauli'a  Method, — This  process  is  much  more  exact. 
Dubrunfaut  advises  that  the  liquid  to  be  analyzed  be  boiled  with  a 
volumetric  solution  of  caustic  soda.  Then  the  soda  which  remains  free 
is  determined  by  means  of  a  volumetric  solution  of  sulphuric  acid,  which 
enables  us  to  calculate  the  weight  of  the  alkali  which  has  entered  into 
combination  with  the  acids  derived  from  the  glucose.  The  weight  of 
this  latter  sugar  is  thence  deduced,  the  relation  between  the  weight  of 
glucose  and  that  of  soda  transformed  into  the  neutral  salt  having  been 
determined  by  a  previous  experiment. 

When  this  first  operation  is  concluded,  a  second  portion  of  the  liquid 
to  be  analyzed  is  boiled  with  dilute  sulphuric  acid  to  invert  the  saccha- 
rose, and  from  the  matter  obtained  the  proportion  of  the  reducing  sugar 
is  again  determined  by  the  same  process.  It  is  necessary  in  this  case 
to  deduct  from  the  weight  of  the  soda  combined,  that  which  has  served 
to  saturate  the  sulphuric  acid,  the  solution  of  which  was  volumetric. 
The  amount  of  the  cane  sugar  is  determined  by  the  difference. 

Optical  Saccharometry. — We  have  already  (page  9)  given  a  brief 
general  explanation  of  the  action  of  bodies  on  polarized  light,  and  what 
is  meant  by  their  being  levogyrate  or  dextrogyrate. 

Biot  has  stated  that,  when  a  substance  deviates  the  plane  of  polariza- 
tion of  light,  there  is  always  a  direct  relation  between  the  deviation 
observed  and  the  thickness  of  the  substance,  its  density,  and  its  specific 
rotatory  power.  This  specific  power  is,  in  other  words,  the  devia- 
tion of  the  plane  of  polarization  which  the  substance  in  question 
would  produce  if  its  thickness  were  equal  to  unity,  and  if  its  density 
were  also  brought  to  unity  by  a  suitable  modification  of  the  distance 
of  its  molecules. 

It  results  from  the  above  definition  that  the  molecular  rotatory  power 
of  a  substance  of  known  density  d,  and  thickness  Z,  will  be  obtained  by 
dividing  the  deviation  observed  a  by  the  density  and  thickness,  as  the 
following  equation  indicates : 

(!•)  '  =  i 

in  which  r  is  the  specific  rotatory  power  sought  for. 

In  a  solution  let  d  represent  the  density  of  the  active  substance 
dissolved.  This  density  may  be  easily  calculated,  the  weight  of  the 
substance  p  and  the  volume  of  the  solution  r  being  known  ;  the  active 
substance  occupies  the  same  volume  as.  the  solution,  and  its  density  is 
given  by  the  equation : 

(2.)  d  =  ^. 

If  (2  in  the  first  equation  be  replaced  by  its  equivalent  it  becomes ; 
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wbiob  equation  enables  r  to  be  determined  wben  a,  o,  l,p  are  known. 
Conversely,  if  r  were  known,  and  one  of  tbe  equiTalents  a,  »,  Z,  p  were 
unknown,  it  migbt  be  determined  in  tbe  same  way ;  for  instance,  the 
weigbt  would  be  given  by  tbe  equation  : 

/A  \  ^ 

(4)  !»=;,• 

Let  us  apply  these  remarks  to  the  analysis  of  the  sugars. 

We  know  that  cane  sugar  is  dextrogyrate  and*  that  its  specific  rota- 
tory power  is  -)-  73  *  8 ;  if  we  have  a  solution  of  this  body,  and  this 
solution  when  observed  by  the  polarimeter  in  a  tube  the  capacity  and 
length  of  which  are  known,  gives  a  deviation  =  a',  we  should  only 
bave  to  replace  in  the  fourth  formula  the  general  equivalents  a,  v,  r,  I 
by  those  found  in  the  experiment,  and  we  should  have  tbe  weight  of 
sugar  contained  in  the  solution  by  the  calculation. 

Let  us  suppose  that  the  cane  sugar  be  mixed  with  glucose,  which 
is  dextrogyrate  also  ;  in  order  to  find  the  respective  quantities  of  these 
two  sugars,  it  is  necessary  to  determine  tbe  pai-t  belonging  to  each  in 
the  total  rotation. 

To  arrive  at  this,  the  cane  sugar  is  inverted  by  heating  the  solution 
for  some  minutes  at  68°  with  0  •  1  of  hydrochloric  acid ;  after  which  the 
deviation  5,  which  the  liquid  gives,  is  again  examined.  But,  as  the 
state  of  dilution  of  this  latter  has  been  increased  by  the  addition  of 
the  hydrochloric  acid,  the  observed  deviation  h  must  be  replaced  by 

-T-  of  0. 
9 

We  have  then  all  the  data  necessary  for  the  calculation. 

Tbe  deviation  a!  before  the  inversion  was  equal  to  the  amount  of  the 
individual  deviations  x  of  cane  sugar  and  y  of  glucose.  After  the  in- 
version,— h  represents  the  deviation  y  of  glucose,  which  has  not 
y 

varied,  diminished  by  the  rotation  to  the  left  caused  by  tbe  inverted 
sugar.  This  rotation  is  equal  to  rx,  if  it  be  admitted  that  a  weight  of 
cane  sugar  deviating  by  x  gives  a  quantity  of  uncrystallizable  sugar 
deviating  by  rx  (r  having  been  determined  by  experiment). 

The  two  following  equations  may  be  given  for  the  determination  of 
the  two  unknown  terms : 

Before  tbe  inversion,  x  +y   =  o'. 

After  the  inversion,  y  —  nc  =  6  x  -r-- 

y 

If,  instead  of  being  mixed  with  glucose,  cane  sugar  were  mixed  witb 
inverted  sugar  which  produces  left-handed  rotation,  the  above  equations 
would  assume  the  following  form : 

Before  the  inversion,  x  -^  g   =  a' ; 
After  the  inversion,    ^  -|-  nc  =  6  x  -q-  : 

t7 
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g  representing  the  deviation  arising  from  the  inverted  sugar.  As  the 
rotatory  power  of  this  latter  varies  considerably  with  the  temperature, 
Olerget  has  oonstinicted  tables  of  correction  which  enable  the  operation 
to  be  conducted  at  any  temperature. 

Blot's  apparatus  is  often  replaced  by  that  of  Soleil.  This  saccharo- 
ineter,  which  need  not  be  described,  has  a  double  quartz  prism  formed 
of  two  plates  of  quartz,  one  dextrogyrate  and  the  other  levogyrate, 
placed  in  front  of  the  analyzing  prism.  These  plates  are  both  cut  to 
an  angle,  and  by  causing  one  of  them  to  rise  or  fall  the  thickness  pre- 
sented to  the  rays  of  light  diminishes  or  increases.  When  they  are  on 
the  same  level  these  two  plates  exactly  compensate  each  other,  and  if 
the  analyzing  prism  be  suitably  placed,  a  perceptible  tint  (teinte  sensible) 
is  produced,  which  serves  as  a  point  of  comparison. 

When  this  apparatus  is  used  it  must  be  exactly  regulated  at  the 
teinte  sennble^  and  the  tube  containing  the  substance  is  placed  in  the 
passage  of  the  ray  of  light.  The  tint  is  then  destroyed,  and  in  order  to 
restore  it  the  thickness  of  the  plate  of  quartz  of  the  same  rotation  as  the 
substance  examined  must  be  diminished.  A  vernier  scale  indicates  the 
precise  decrease  of  thickness,  whence  the  proportion  of  sugar  contained 
in  the  solution  is  deduced.  The  quantity  of  sugar  which,  in  a  tube  of 
known  length  and  capacity,  corresponds  to  a  certain  thickness  of  quartz 
is  previously  determined  by  experiment. 

When  the  saccharometrical  process  just  described  can  be  applied  it 
is  the  most  exact  of  all.  Unfortunately,  the  presence  of  active  foreign 
substances,  or  the  coloration  of  the  liquids  to  be  analyzed,  often  renders 
its  use  uncertain  or  impossible.  However,  in  most  cases,  the  action  of 
colouring  matters  may  be  guarded  against  by  precipitating  with  acetate 
of  lead,  and  then  filtering. 


MERCAPTANS  AND  THEIR  ETHERS  PROPER. 

On  substituting  sulphur,  selenium,  or  tellurium  for  oxygen  in  the 
alcohols  of  diflFerent  atomicity,  sulphuretted,  seleniuretted,  or  telluretted 
alcohols  are  obtained,  which  are  designated  as  mercaptans,  seleniuretted 
mercaptans,  and  telluretted  mercaptans. 

Ethers  proper  correspond  to  these  as  to  ordinary  alcohols.  These 
ethers  are  derived  either  by  the  substitution  of  an  alcohol  radicle  for 
the  typical  hydrogen,  as  happens  with  monatomic  mercaptans,  or  by  the 
elimination  of  (H*S),  as  is  the  case  with  biatomic  mercaptans. 

Monatomio  Mercaptans  and  their  Ethers. — ^Monati^mic  alcohols 
with  the  oxygen  replaced  by  tellurium  are  not  yet  known,  but  those 
are  known  in  which  it  is  replaced  by  sulphur  or  selenium. 

Mercaptans  and  seleniuretted  mercaptans  are  prepared  by  distilling 
the  acid  salts  of  sulphuric  ethers  with  hydrosulphate  or  hydroseleniate 
of  potassium.  The  acid  salt  of  sulphuric  ether  may  be  replaced  by  a 
hydrochloric  or  hydrobroniic  ether ; 
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Cblorideof  Hydroeulpbate  Chlorid«of  MercapUn. 

ethjL  of  potAsaiam.  putaadam. 


(g(^)  -  (^^'Jo-)  +  (T!^) 


Sulphovinate  of  HydroMleniate  Neatnl  milpbate  Seleninretted 

potawium.  ofpotanium.  of  potassium.  mcrcaptan. 

On  substituting  a  monosulphide,  a  monoselenide,  or  even  a  monotel- 
luride  for  the  alkaline  bydrosulphate  and  hydroseleniate,  the  sulphides, 
selenides,  and  tellurides  of  alcoholic  radicles  are  obtained,  that  is  to 
say,  the  ethers  proper  of  the  mercaptans : 


4®  R'r^  R'r 


On  replacing  the  monosulphides  by  bisulphides,  bisulphides  of  the 

R') 
same  radicles  pr[S'  are  formed. 

Sulphuretted  alcohols  attack  mercury,  and  their  name  originates  from 
this  (mercurium  caftans).  They  are  foetid  bodies.  Potassium  and  sodium 
may  be  substituted  in  them  for  hydrogen,  the  latter  being  set  free. 
They  undergo  double  decomposition  with  the  greater  part  of  metallic 
salts,  giving  precipitates  which  result  from  the  replacement  of  their 
typical  hydrogen  by  a  metal. 

Mercaptans  fix  three  atoms  of  oxygen  under  the  influence  of  nitric 
acid: 

MeroaptazL  Oxjgen.  EtbylsuIphunmB  add. 

The  bodies  thus  produced  have  been  wrongly  regarded  as  sulphur- 
ous acid  ethers.  They  are  rather  monatomic  acids,  the  radicle  of  which 
is  formed  by  the  addition  of  sulphuryl  (SO"')  to  the  alcohol  radicle, 
lliey  represent  monobasic  acids  analogous  to  propionic  acid,  in  which 
the  biatomio  group  (CO")  is  replaced  by  the  group  (SO*") : 

EthylaalpharoQB  add.  Proptooic  add. 

These  acids  may  also  be  prepared  by  the  oxidation  of  the  bisulphides 
of  the  radicles  of  alcohols : 

Bisulphide  of  Water.  Oxygen.  Mcifaylsiilpburous  add. 

mcthyL 

The  seleninretted  mercaptans  are  foetid.     They  have  been  very  little 
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studied.    Their  properties  appear  to  be  similar  to  those  of  their  sul- 
phuretted congeners. 

The  selenides  and  tellurides  of  alcohol  radicles  act  the  part  of 
compound  radicles.  They  can  unite  directly  with  chlorine,  bromine, 
and  oxygen : 

(S'W        +        cl}         =       (cS}Se.Cl.) 

Selenlde  of  Chlorine.  Chloride  of  selenethyL 

eihyL 

KS:}^')  +  8}  -  <gg}T«o) 

Telluride  of  ethyl.  Oxygen.  Oxide  of  teUurethyL 

Their  oxides  undergo  double  decomposition  with  acids  and  give  salts. 
The  bibromides  and  bichlorides  of  selenethyl  and  tellurethyl  demon- 
strate the  tetratomicity  of  tellurium  and  selenium,  of  which  atomicity 
their  perchlorides  (SeCl*)  and  (TeCl*)  have  already  furnished  proofs. 

Quite  recently  M.  Oefele  has  shown  that  the  sulphide  of  ethyl  may 
also  act  as  a  biatomic  radicle.  When  it  is  heated  with  iodide  of  ethyl 
and  a  little  water,  it  unites  with  this  iodide  and  foims  the  compound 
([C*H*j'SI)  which  results  from  the  direct  union  of  the  elements  of  its 
components.  The  iodine  of  this  body  may  be  replaced  by  chlorine, 
bromine,  hydroxyl,  etc.,  and  a  series  of  compounds  all  containing  the 
monatomic  radicle  (C'H^)^S'  are  the  result ;  the  existence  of  such  a 
radicle  is  another  proof  of  the  tetratomicity  of  sulphur  which  we  were 
the  first  to  assert. 

Biatomio  Meroaptans  and  their  Ethers. — Biatomic  mercaptans,  that 
is  to  say  sulphuretted  glycols,  are  obtained  by  causing  the  dibromhy- 
drins  of  glycols  to  act  on  the  alkaline  hydrosulphates : 

(cm-jB;)   +    2(|)s)   =     2(14)   +   ((?H- 

Bromide  of  Hydrosulphate  Bromide  of  Hydroenlphate  of 

ethylen<».  of  potassium.  potaaslom.  ethylene 

(elbylenic  mercaptan). 

Their  anhydrosulphides,  that  is  to  say  the  sulphides  of  their  radicles, 
are  prepared  by  substituting  a  monosulphide  for  the  alkaline  hydro- 
sulphate  in  the  preceding  operation : 


(c* 


«TT«"  i  ^^\ 

+  (1)^)  ■ 

■  Kb^D 

+ 

(CH*S 

Bromide  of 

Monoanlphide 

Bromide  of 

Sulphide  of 

ethylene. 

of  potatAium. 

potaaalnm. 

ethylene. 

Only  one  of  these  bodies  is  well  known,  the  sulphide  of  ethylene, 
which  has  been  studied  by  M.  Crafts.  This  chemist  has  found  that 
this  body  combines  directly  with  bromine,  giving  a  bromide  (C*H*SBi:*), 
which  on  contact  with  water  is  decomposed  into  hydrobromic  acid 
and  oxysulphide  of  ethylene. 
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(c^^SBr*)      +      (J}}o)       =       2(g.})       +       (CTI'SO) 

Bromofulphtde  Water.  Hydrobromic  Oxysulpblde  of 

of  etliyleoe.  add.  eihylene. 

The  same  oxide  (CTI^SO)  is  obtained  by  heating  to  100°  the  sul- 
phide  of  ethylene  with  monohydrated  nitrio  acid.  It  is  soluble  in 
water  and  crystallizable.  Potash  decomposes  it.  At  150°,  nitric  acid 
transforms  it  into  a  new  oxide,  which  is  also  orystallizable  and  which 
has  the  foimula  (C'H*SO*).  This  latter  is  entirely  insoluble  in  water; 
it  dissolves  in  fuming  nitric  acid,  from  which  it  is  precipitated  by 
water ;  potash  also  dissolves  it,  and  acids  do  not  precipitate  it  from 
this  solution.  The  alkalies  appear  therefore  to  transform  it  into  a 
body  possessing  new  and  feebly  acid  properties. 

Trlatomio  Meroaptans  (Sulphuretted  Glyoerines). — ^These  bodies 
have  been  obtained  by  the  action  of  glyceric  trichlorhydrins  on  the 
hydrosulphate  of  potassium.    They  are  as  yet  imperfectly  known. 


FSEI7I)0-AXiC0H0i:i& 

In  the  foimulsB  given  for  the  alcohols,  we  have  always  admitted  the 
existence  of  a  radicle  of  an  atomicity  equal  to  the  number  of  atoms  of 
typical  hydrogen  contained  in  these  alcohols.  Liebig  was  the  first  to 
admit  the  pret«ence  of  these  radicles  in  the  monatomic  alcohols,  which 
were  then  the  only  ones  known.  Dumas  regarded  the  constitution  of 
these  bodies  differently.  He  considered  them  as  resulting  from  the 
union  of  water  with  a  hydrocarbide  analogous  to  ethylene. 

Ordinary  alcohol  would  be  expressed  according  to  these  two  theories 
by  the  following  formula) : 

(TJO)  (0'H-5}0) 

Liebig'8  theory.  Tbeoiy  of  Dumas. 

Liebig's  theory  accounting  for  the  reactions  of  the  alcohols  better 
than  the  other,  the  formuIsB  thence  deduced  were  the  only  ones 
employed  for  some  time ;  but  recently  M.  Wurtz  discovered  a  class 
of  compounds,  isomers  of  the  true  alcohols,  the  properties  of  which 
cannot  be  well  understood  except  by  attributing  to  them  the  formula 
Dumas  formerly  gave  to  the  alcohols  proper.  Wurtz  calls  these  bodies 
pseudo  alcohols. 

Not  only  are  pseudo-alcohols  isomeric  with  the  alcohols  known,  but 
pseudo-glycols,  isomeric  with  the  glycols,  are  also  known ;  and  pro- 
bably for  every  degree  of  atomicity  two  parallel  series  exist. 

Preparatioik — Ist.  Whenever  the  second  general  method  of  preparing 
monatomic  alcohols  is  applied  to  other  hydrocarbides  than  ethylene 
and  propylene,  it  gives  rise,  not  to  an  alcohol  but  to  a  pseudo-alcohol ; 
and  this  is  the  case  whether  the  method  by  hydracids  or  that  by  sul- 
phuric acid  be  employed. 
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2nd.  It  has  been  seen  that  on  treating  tetratomic  hydrocarbides 
(C"H**^  with  hydriodic  acid  they  combine  either  with  one  or  with  two 
molecules  of  the  acid.  If  these  hydriodic  derivatives  be  submitted  to 
the  action  of  acetate  of  silver,  and  the  acetate  formed  be  saponified  by 
potash,  a  monatomio  pseudo-alcohol  having  the  formula  (C"H^^H^O) 
is  obtained  from  the  monohydriodic  derivative,  and  a  psendo-glycol 
(C*BP"~*,2H*0)  from  the  bihydriodic  derivative. 

Properties  of  Mon atomic  Pseudo- Alcohols. — 1st.  When  a  mona- 
tomic  pseudo-alcohol  is  treated  with  concentrated  sulphuric  acid,  it 
splits  up  into  water  and  the  hydrocarbide  whence  it  arises.  Under  the 
same  conditions,  the  alcohols  proper  produce  a  sulphovinio  acid, 
which,  when  saturated  with  baryta,  gives  a  crystallizable  salt. 

2nd.  When  heated  to  200^-250°,  the  pseudo-alcohols  split  up  into 
a  hydrocarbide  and  water : 

(C*H^H«0)      =      (0*H")      +       (B?0) 

Hydrate  of  amylene.  Amyleoe.  Water. 

The  true  alcohols  present  greater  resistance  to  the  action  of  heat. 

3rd.  Bromine  added  to  a  pseudo-alcohol  displaces  water  and  unites 
with  the  hydrocarbide.  Chlorine  gives  the  same  reaction,  but  secondary 
products  are  also  formed : 

(CH»,H»0)       +       |^[       =       (C'H-Br*)      +      (g }  o) 

Hydrate  of  Bromine.  Bromide  of  Water, 

batylene.  ba^lene. 

Ordinary  alcohols,  on  the  contrary,  lose  H'  in  this  case  and  give 
derivatives  of  substitution. 

4th.  Sodium  disengages  hydrogen  for  which  it  is  substituted.  In 
this  case  the  pseudo-cJcohols  act  in  the  same  manner  as  the  alcohols. 

5th.  When  treated  by  hot  acetic  acid,  in  closed  vessels,  the  pseudo- 
alcohols  give  water,  amylene,  and  a  very  little  of  the  acetic  ether 
which  corresponds  to  them. 

6th.  Cold  hydrochloric,  hydrobromic,  and  hydriodic  acids  decompose 
the  pseudo-alcohols,  giving  rise  to  a  hydrochlorate,  hydrobromate,  or 
hydriodate  of  their  hydrocarbide,  and  water.  These  hydriodates  are 
identical  with  those  produced  by  the  direct  action  of  the  hydracids  on 
the  hydrocarbides : 

((?H-.H'0)      +      g|       =      (c*H'«g})      +      (Hfo) 

Hydrate  of  Hydrochloric  Hydrochlorate  Water, 

amylene.  add.  of  amylene. 

7th.  Chlorhydrates,  brbmhydrates,  or  iodhydrates,  have  a  lower 
boiling  point  than  that  of  the  simple  ethers  of  the  true  alcohols,  with 
which  ethers  they  are  isomeric. 

Sth.  The  iodhydrates  react  on  moistened  oxide  of  silver  in  the  cold, 
while  the  hydriodic  ethers  of  the  true  alcohols  only  react  when  hot. 
These  latter  only  give  in  this  reaction  an  alcohol  and  a  little  of  its 
ether.     The  iodhydrates,  on  the  contrary,  give  a  product  which  is  to 

2k 
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tLe  pseudc^alcohol  wliat  the  ethers  proper  are  to  the  alcohols,  and  a 
portion  of  tho  hydrocarhide  is  re-formed. 

9th.  The  acetate  of  silver  reacts  only  when  hot  on  the  hydriodic 
ethers  of  the  alcohols,  forming  an  acetic  ether.  When  cold  it  reacts 
on  the  iodhydrates,  giving  an  acetic  ether  of  the  pseudo-alcohol  and 
re-forming  a  certain  quantity  of  the  hydrocarhide. 

10th.  The  iodhydrates  decompose  hy  heat  into  hydriodic  acid  and 
hydrocarhide.  The  hydriodic  ethers  of  the  alcohols  are  much  more 
stahle. 

11th  The  iodhydrates  when  heated  with  an  alcoholic  solution  of 
potash  give  iodide  of  potassium,  water  and  part  of  the  hydrocarhide  is 
re  formed  : 

(C'H.-Hl)    +    (i}0)     =     (C<H.)    +    (f })    +    (g[0) 

Hydrlodate  of  PoUsb.  BQtylene.  Pbtaastc  Water, 

butylene.  iodide. 

In  these  conditions  the  true  hydiiodic  ethers  give  a  mixed  ether : 

(TD  +  (T|«)  +  (&lo)  -  (?i"(o) 

Iodide  of  Ordinary  Potasb.  Oxide  of  etbyl 

amyL  alcoboL  and  amyL 


+  (i}°)  +  (ff) 


Water.  Iodide  of 

potassiam. 

12th.  The  ethers  proper  derived  from  pseudo-alcohols,  participate 
in  the  properties  of  these  hodies.  Heat  splits  them  up,  and  h3'driodic 
acid  transforms  them  into  water  and  iodhydrates.  These  cb&racters 
distinguish  them  from  the  ethers  of  the  true  alcohols. 

13th.  Oxidants  do  not  give  ether  acids  or  aldehyds  with  the  pseudo- 
alcohols.  Less  carbonized  substcmces  are  produced,  which  are  mostly 
identical  with  those  resulting  from  the  direct  oxidation  of  the  hydro - 
carbide  contained  in  the  hydrate. 

14th.  The  vapour  density  of  the  hydrochlorate  of  amylene  corresponds 
to  two  volumes,  as  is  the  case  with  nearly  all  well-known  bodies.  At 
a  high  temperature  this  density  corresponds  to  four  volumes.  In  this 
case  there  has  been  decomposition,  and  free  hydrochloric  acid  is  found 
on  opening  the  flask.  Nevertheless,  during  the  cooling,  part  of  the 
acid  and  hydrocarhide  again  combine. 

The  properties  of  the  monatomic  pseudo-alcohols  corresponding  to 
the  formula  (C"H**0)  are  imperfectly  known.  They  appear  to  be  ana- 
logous to  the  preceding. 

Properties  of  Pseqdo-Glyools. — These  propei-ties  have  been  less 
studied  than  those  of  the  pseudo-alcohols.  A  single  characteristio 
clearly  distinguishes  the  pseudo-glycols  from  the  glycols  proper. 
Under  the  influence  of  hydrochloric  acid,  these  latter  only  exchange 
(HO)  for  CI  and  give  chlorhydrins,  whilst  the  pseudo-glycols  exchange 
2(H0)  for  CI"  and  give  the  dichlorhydrins  : 
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ci 

Amyl-glyool.  Hydrochloric  Water.  Hydrochloric 

add.  amyl-glycol. 

(Cffogljo")    +     2(H})     =     2(«}0)     +    (CH-HJ^f) 

BfhydrateofdiallyL  Hydrochloric  Water.  Bibydrochlorate 

add.  ofdiallyl. 

Constitution  and  Nomenclature. — Wurtz  admits  that  in  ordinary 
alcohols  all  the  atoms  of  hydrogen  except  those  that  ai*e  typical  are 
directly  united  to  carbon,  while  the  atoms  of  typical  hydrogen  are 
united  to  the  atoms  of  oxygen  which  saturate  the  carbon  by  one  of 
their  affinities.  It  would  be  the  same  with  pseudo-alcohols,  except  that 
in  the  radicle  there  would  be  atoms  of  hydrogen  equal  to  the  number 
of  atoms  of  typical  hydrogen,  which  would  be  more  feebly  united  to  the 
carbon  than  in  the  alcohols,  and  which  consequently  could  be  readily 
detached.  Therefore,  though  the  pseudo-alcohols  cannot  be  considered 
as  direct  combinations  of  water  with  a  hydrooarbide,  these  bodies  act  as 
if  they  were  such  combinations.  In  conformity  with  this  hypothesis 
they  may  be  represented  by  rational  formulsa  analogous  to  the  following, 

which  Wurtz  proposes  for  the  amylic  pseudo-alcohol:     (C*ff®)pn  [O    . 

The  diallylio  pseudo-glycol,  in  order  to  be  represented  by  a  similar 

formula, ought  to  be  written:  r(C«H^')gr|  Oil 

As,  though  they  do  not  contain  water  already  formed,  these  bodies 
act  as  if  they  did,  they  may  be  designated  as  hydrates  of  their  funda- 
mental hydrocarbides.  Thus  amylic  pseudo-alcohol  would  be  the 
hydrate  of  amylene,  diallylio  pseudo-glycol  would  be  the  dihydrate 
of  diallyl,  etc.  The  simple  ethers  of  ^e  pseudo-alcohols  are  called 
iodhydrates,  bromhydrates,  chlorhydrates,  eta,  of  their  hydrocaibides. 

At  present  the  following  pseudo-alcohols  have  been  prepared : 

Butylic  pseudo-alcohol '-^  H  (  ^ 

Amylic  pseudo  alcohol ^^  H  i  ^ 

Hexylic  pseudo-alcohol LV  tJ  i  ^ 

Diallylio  pseudo-alcohol [(C'H")^'lo 

Diallylio  pseudo-glycol [(C'^OH^"  I  (y 

The  octylic  pseudo-alcohol  has  not  been  obtained.    When  treated  by 

the  oxide  of  silver,  the  iodhydrate  of  octylene  gives  octylene  and  very 

slight  traces  of  an  oxygenated  product. 

2  K  2 
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There  are  bodies  whose  properties  appear  to  resemble  those  of  the 
pseudo-alcohols,  such  as  peppermint,  camphor  or  menthol  (C^^HW),  and 
the  different  hydrates  of  the  essence  of  turpentine.  Menthol  would 
be  a  pseudo-alcohol  of  the  (GrW*0)  series,  and  as  this  body  cannot 
combine  with  nascent  hydrogen,  it  should  be  considered  as  saturated. 


GOMFOnin>  AKMONIA& 

The  name  of  compound  ammonias  or  amines  is  given  to  bodies  which 
are  derived  from  ammonia  (NH')  by  the  substitution  of  alcohol 
radicles  for  the  hydrogen.  There  exist  also  organic  bases  which  are 
derived  in  the  same  manner,  not  from  ammonia  (NH"),  but  from  the 

hydrate  of  ammonium  (    ^  [  0.  j 

Amines  may  be  derived  from  one,  two,  three,  four,  n  molecules  of  am- 
monia, and  are  called  accordingly  monamines  or  simply  amines,  diamines^ 
triamines,  tetramines,  etc.,  to  indicate  their  degree,  of  condensation. 

Amines  might  therefore  be  classed  according  to  this  degree  of 
condensation,  and  considered  successively.  But  as  polyatomic  like 
monatomic  alcohols  may  give  rise  to  monamines,  it  will  be  more  con- 
venient to  unite  all  the  ammonias  derived  from  alcohols  of  the  same 
atomicity  into  one  class,  whatever  may  be  their  degree  of  condensation. 

The  nitrogen  of  organic  bases  may  be  replaced  by  phosphorus, 
arsenic,  or  antimony;  from  which  substitution  there  arises  a  second 
class  of  bodies  which  may  be  considered  intermediate  between  the 
nitrides  of  alcohol  radicles  and  the  combinations  of  these  i-adicles 
with  the  metals  and  metalloids  which  do  not  belong  to  the  nitrogenized 
group. 
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The  radicles  which  may  be  derived  from  a  monatomic  alcohol  are 
always  monatomic.  The  amines  of  this  class  never  therefore  contain 
radicles  the  capacity  for  saturation  of  which  is  greater  than  one.  They 
are  always  derived  from  a  single  molecule  of  ammonia,  and  are  mona- 
mines. 

In  ammonia  H  >  N,  the  hydrogen  may  be  replaced  either  wholly  or 

in  part  by  the  radicle  of  one  alcohol  or  by  radicles  of  different  alco- 
hols. From  three  different  alcohol  radicles  R  R'  R",  we  may  obtain 
the  compounds : 

B\  R 


R' 
H 


N 


R 

R'In 

R"j 


N  are  called  primary 
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Besides,  in  the  hydrate  of  ammonium  |     tt  f  ^)'  ^®  ^^^^  atoms  of 

hydrogen  may  be  replaced  by  four  alcohol  radicles  either  dififerent  or 

/RR'R."R'"N  )     \ 
identical ;  bases  result  whose  widest  formula  ig/^«' ■»'-»*  ^iOl 

R^ 
Those  bodies  answering  to  the  formula  H 

H 

monamines  or  amides ;  those  of  the  form  R'  >  N  are  called  secondary 

monamines  or  imides  bases ;  those  of  the  form  R'  >  N  are  tertiary  mona- 

R"J 

mines  or  nitrile  bases  ;  and  bodies  of  the  fourth  group,  whose  general 

RR'R"R'"N  1 
formula  is  H  i  ^'  ^^^  generally  designated  as  hydrates  of 

quaternary  ammoniums. 

Pkeparation  of  the  Primary  Mojcamines. — These  bodies  may  be 
procured  by  several  processes,  those  of  Wurtz,  Hofinann,  Zinin,  and 
Mendius.  Some  of  these  compounds  may  be  formed  by  special  re- 
actions which  are  not  applicable  to  all  the  series. 

Wurtz^s  Process. — When  cyanic  acid  is  distilled  with  an  excess  of 
alkali  (see  Cyanogen  Compounds),  an  alkaline  carbonate  and  ammonia 
are  obtained : 

{'i}o)  +  ^(g}o)  .   (%}o.)  +  (||n) 

Qyanic  acid.  Potash.  Carbonate  of  Ammonia. 

potassium. 

If  instead  of  causing  potash  to  act  with  cyanic  acid,  that  is  to 
say,  with  the  cyanate  of  hydrogen,  a  cyanic  ether,  in  other  words,  the 
cyanate  of  an  alcohol  radicle  be  submitted  to  the  action  of  this  alkali, 
one  of  the  three  atoms  of  hydrogen  which  in  the  preceding  reaction 
gave  rise  to  the  formation  of  ammonia  is  replaced  by  an  alcohol 
radicle.  The  ammonia  obtained  therefore  contains  a  radicle  of  alcohol 
substituted  for  hydrogen. 

{'l}o)  .  il}o)  -  (<^:)o.) .  (I}k) 

Cyanic  ether  of  Potash.  Potasdc  carbonate.  Primary 

a  monatomic  aloohoL  moiiamide. 

All  the  primary  compound  ammonias  are  obtained  by  distilling 
cyanic  ethers  with  an  excess  of  potash.  The  product  is  generally  col- 
lected in  hydrochloric  acid,  and  when  the  hydrochlorate  is  obtained 
dry,  the  alkaloid  is  extracted  by  the  same  process  as  is  used  to  obtain 
ammonia  from  sal-ammoniac. 

Hofmann's  Process. — ^Hofmann  mixes  an  alcoholic  solution  of  am- 
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monia  with  the  simple  ether  of  an  aloohol ;  there  is  then  prodnoed  a 
primary  oompoimd  ammonia,  and  a  hydracid  which  remains  united  to 
this  ammonia : 


(?()    .    (|}k)     =     (S|k,h.)     = 


y  

Hjdriodlc  AmmoDift.  Iodide  of  a  primary  oompomid  ammonium, 

ether. 

The  oompound  ammonia  is  then  separated  from  the  iodide  formed  by 
distilling  this  salt  with  lime. 

Nitric  ether  may  be  substituted  for  simple  ethers  in  this  process. 

Process  of  M.  Mendius, — Mendius  obtains  primary  ammonias  by  sub- 
mitting hydrocyanic  ethers  to  the  action  of  nascent  hydrogen.  A  base 
is  thus  produced  which,  on  the  replacement  of  hydrogen,  contains,  not 
the  radicle  which  existed  in  the  hydrocyanic  ether,  but  its  first  higher 
homologue : 

(^•()  ^  m '  (Th) 

Qsranide  of  Hydrogen.  EUiylamine. 

methyL 

ZinirCs  Process, — ^The  preceding  processes  are  applicable  to  all  the 
series  of  which  the  alcohols  are  known.  That  of  Zinin,  on  the  contrary « 
can  only  be  applied  to  the  aromatic  series  and  to  the  series  less  hydro- 
genized  than  it.  It  consists  in  treating  the  fundamental  hydrocarbide 
of  the  series  with  nitric  acid.  A  nitrogenized  product  will  be  obtained 
which,  when  submitted  to  the  influence  of  reducing  agents,  loses  its 
oxygen  and  fixes  H'.  Thus  an  ammonia  is  produced  containing  the 
monatomic  radicle  derived  from  the  hydrocai'bide  employed  by  the 
elimination  of  hydrogen : 

Ex.       (CTE»)     +     (NHO'*)     =     (C'H'(NO«))     +     H«0 

Toluene.  Nitric  acid.  Nitro-tdoene.  Water. 

C^(NO«)    +    a^g}^    =    2^5}  0^    +    (T|n\ 

Nitro-tolaeue.  Hydrogen.  Water.  Tololdlne. 

Different  reducing  agents  may  be  employed.  Sometimes  the  hydro- 
sulphate  of  ammonia  in  alcoholic  solution  is  used  :  in  this  case  the  am- 
monia is  set  free,  the  sulphur  is  deposited,  and  the  nascent  hydrogen 
produces  the  reaction  indicated ;  sometimes  the  nascent  hydrogen  is  dis- 
engaged by  iron  and  acetic  acid,  sometimes  by  sodium  amalgam,  and 
sometimes  from  hydriodic  acid,  the  iodine  of  which  becomes  free. 

Recently,  Cannizzaro  has  prepared  the  primary  ammonia  of 
the  benzoic  series  by  the  processes  of  Messrs.  Wurtz,  Hofmann,  and 
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Zinin.  He  found  that  the  alkaloid  obtained  by  the  two  first  methods 
constitutes  a  single  product,  isomerio  ¥nth  that  obtained  by  the  third 
method.  This  latter  differs  from  the  other  two,  possessing  a  less 
marked  basic  character,  and  containing  a  phenic  instead  of  an  alcohol 
radicle.     (See  Phenols.) 

Reactionts  which  give  rise  to  Primary  Monaminbs.  —  When  nitro- 
genized  organic  substances  are  submitted  to  distillation,  either  alone  or 
in  presence  of  a  powerful  alkali,  the  volatile  alkaloids  of  this  class  are 
formed.  Thus  the  oil  of  pit-coal  contains  aniline,  and  certain  oxyge- 
nated vegetable  alkaloids  give  methylamine  when  distilled  with  potash, 
etc.  These  reactions  may  be  useful  in  the  preparation  of  certain  or- 
ganic bases,  but  do  not  possess  any  general  interest. 

Preparation  of  Secondary  Monamines. — Secondary  monamines  have 
as  yet  only  been  obtained  by  Hofinann's  process.  They  are  prepared 
by  heating  a  mixture  of  a  simple  ether  and  a  primary  monamine  in  a 
hermetically-sealed  tube.  The  reaction  is  the  same  as  that  which 
famishes  the  primary  ammonias  by  means  of  ammonia  and  a  simple 
ether : 

(|}n)    +    (^i[)     =     (rJn,Hi)  or  better    g  Ul 

Primary  Hydriodic  Iodide  of  a  aeoondary  ammonium, 

monamine.  eiber. 

The  base  is  then  extracted  from  it^  iodide,  as  with  alkaloids  of  the 
first  degree. 

Preparation  of  Tertiary  Monamines. — These  are  also  obtained  by 
HofEoann's  process.  The  secondary  base  is  heated  with  a  simple  ether 
and  the  tertiary  ammonia  is  taken  from  the  iodide  formed  : 

dh)    "^    (^0     ^     («;]n.Hi)  or  better  j|N,I 

* V ' 

Secondary  Hydriodle  Iodide  of  a  tertiaiy  ammoniom. 

mouamlue.  ether. 

Preparation  of  Hydrates  of  Quaternary  Ammoniums. — When  a 
simple  ether,  especially  hydriodic  ether,  is  heated  with  a  tertiary  base, 
a  direct  combination  takes  place,  and  an  iodide  of  a  quaternary  am- 
monium, which  is  generally  crystallized,  is  obtained  : 


m  ^  ('!) ' 


Tertiary  Hydriodic  Iodide  of  a 

monamine.  other.  quaternary  ammonium. 
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The  hydrate  of  ammonium  cannot  be  isolated  bj  distilling  the 
iodide  with  potash,  as  this  hydrate  is  decomposed  by  distillation ;  but 
if  oxide  of  silver  be  made  to  act  on  an  aqueous  solution  of  the  iodide, 
iodide  of  silver  is  formed,  and  the  hydrate  sought  for  remains  dissolved. 
On  filtering  the  liquid  and  evaporating  in  vacuo  it  is  obtained 
crystallized : 


+ 


Iodide  of  a  qaatenuuy 
aauuoniiuiL 


(l|}«) 


Oxide  of 
■liver. 


+ 


(i}«)- 


Water. 


(10  +  2  r(RK'R"K"'N^}  O] 


Iodide  of 
silver. 


Hydrate  of  a  qnatemary 
ammouium. 


Separation  op  Monaminbs  of  different  Degrees. — When  an  alco- 
holic solution  of  ammonia  is  submitted  to  the  action  of  a  simple  ether, 
the  reaction  is  far  from  being  so  simple  as  we  have  hitherto  supposed. 
In  reality,  instead  of  only  giving  rise  to  a  primary  monanime,  this  re- 
action gives  rise  to  all  the  degrees  of  substitution  possible,  and  a  mixture 
of  the  iodides  of  the  primary,  secondary,  tertiary,  and  quaternary  ammo- 
niums is  obtained,  as  the  following  equation  indicates : 


10(NH»)    +     10(^^1)     = 


Ammonia. 


Uydriodic  etlier. 


+ 


+ 


+ 


primary  ammonium,     secondary  ammouimn. 


H 
H 

Iodide  of  ammouiiun. 


tertiary  ammonium,     quaternary  ammonium. 


In  order  to  separate  these  different  bodies,  Holinann  first  distils  the 
whole  with  potash.  The  iodides  are  decomposed,  free  ammonia  passes 
over,  and  the  hydrate  of  quaternary  ammonium  wliich  is  formed  is 
decomposed  by  the  distillation,  giving  a  new  quantity  of  the  tertiary 
base  : 


Ex. 


/(C^7N 


)«)  =  (il}^^)  +  (51^)  ^  («'«^) 


Hydrate  of  tetrethyl- 
ammonium. 


Trietbylamine. 


Water. 


Ethylene. 


The  distilled  product  contains  the  ammonias  of  the  three  first  degrees. 
This  mixture  is  treated  with  the  oxalate  of  ethyl.     The  primary  base 
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gives  rise  to  a  double  deoomposition,  and  a  precipitate  forms  whicli  is 

/CO"')     \ 
oxamidel    H*  >K'|,  in  which  H*  is  replaced  by  two  moleonles  of 

\  H"  j     / 

the  radicle  the  base  contained : 

2^NH^j    +    {(S^]'>)     =     C^}^)    +     '{"^Y) 

Prinuuy  ammonliL  Oxalate  of  etbyL  Ozunide  in  which  AloohoL 

Betake  the  place  of  H*. 

This  precipitate  when  collected,  washed  with  alcohol  and  with  water, 
and  distilled  with  potash,  gives  the  primary  base  in  a  pure  state : 

(TH  *  <h|o)  -  (T]o-)  +  ^Q}") 

Ozamide  in  whkh  Potash.  Oxalate  of  potaasliim.  Ftimary  haae. 

B^  takes  the  place  of  H>. 

The  secondary  ammonia  also  undergoes  a  double  decomposition  in 

presence  of  the  oxalate  of  ethyl ;  ozamate  of  ethyl  I  L  W  >N 

I  ^ 

\  H  I 

is  produced,  in  which  £[*  is  replaced  by  two  atoms  of  the  radicle  of 

the  secondary  ammonia : 

\  B  I    i 

Oxalate  of  ethyl.  Secondary  AlcohoL  Oxamate  of  ethyl  tn  which 

ammonia.  Rs  la  aubstltiited  for  H?. 

This  new  liquid  body  is  easily  separated  from  the  precipitate  from 
which  the  primary  ammonia  is  extracted ;  it  is  also  readily  separated 
from  the  tertiary  ammonia,  on  which  oxalate  of  ethyl  does  not  act,  these 
two  bodies  having  very  different  boiling  points. 

This  oxamate  distilled  with  potash  gives  potassic  oxalate,  alcohol, 
and  the  secondary  base.  To  separate  this  latter  from  the  alcohol,  it  is 
saturated  with  hydrochloric  acid,  evaporated  to  dryness,  and  the  base 
extracted  from  its  hydrochlorate  by  means  of  lime : 

Oxamate  of  ethyl  in  which  FOtaah.  Oxalate  of  potaasittm. 

R?  iH  subsUtutod  for  H' 

+    (Tfo)    +    (|}n) 

Alcohoi  Secondary 

ammonia. 
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It  has  been  seen  that  ihe  tertiaiy  base  is  readily  extracted  by  finao* 
tional  distillation,  fi-om  the  liquid  mixture  from  which  the  primary  base 
is  precipitated.  Submitted  to  the  action  of  an  hjdriodio  ether  it  famishes 
the  iodide  of  quaternary  ammonium  in  a  pure  state. 

Properties  op  Primary,  Secondary,  and  Tertiary  Monamines. — 
1st  In  the  free  state  all  these  compounds  correspond  to  the  ammonia 
type.  Like  ammonia  itself,  they  unite  directly  with  acids  without 
elimination  of  water.  The  salts  which  form  belong  to  the  type  of 
hydrate  of  ammonium,  either  simple  or  condensed,  according  to  the 
atomicity  of  the  acid  which  reacts. 

2nd.  When  these  bases  are  soluble,  the  primary  are  more  so  than  the 
secondary,  which  in  their  turn  are  more  so  than  the  tertiary  bases. 

3rd.  The  primary  bases  are  more  strongly  alkaline  than  the 
secondary,  and  these  than  the  tertiary.  We  have  an  example  of  this 
in  the  benzilic  bases  recently  prepared  by  Cannizzaro.     Benzylamine 


m 


is  such  a  powerful  base  that  it  absorbs  directly  the  carbonic 


/cm')   \ 

anhydride  of  the  air.     The  tribenzylamine  I  C'H' >  N  t  on  the  contrary, 

has  only  a  weak  affinity  for  acids. 

4th.  When  nitrous  acid  acts  on  a  primary  ammonia  in  aqueous 
solution,  the  radicle  contained  in  the  ammonia  is  transformed  into  its 
alcohol ;  water  and  free  nitrogen  are  also  produced. 

^(TH^CHh)-(T}o)  +  (i}o)  +  i;} 

EtbylAinioe.  Nitrons  add.  AloohoL  Water.  Nitrogen. 

When  nitrous  acid  acts  on  the  alcoholic  solution  of  an  aromatic  alka- 
loid of  the  radicle  of  phenol,  nitrogen  is  substituted  for  three  atoms 
of  hydrogen,  and  the  nitrogenized  product  remains  combined  with  a 
molecule  of  the  original  body. 

Ex.      2(cH'n)      +     (nHO-)      =      (g^^])      +      2(h«0) 

Aniline  Nitrons  add.  Nitroptaenyl-  Water. 

(phenyLamine).  diamine. 

Under  the  influence  of  an  excess  of  the  nitrous  acid,  the  new  body 
undergoes  the  substitution  of  N  for  H'  a  second  time  : 

(^'cS^}^)      +      (nHO«)       =       2(C«H*N»)      +      2(h«0) 

Nitrophenyl*  Nitrons  add.  Dinitro*benioL  Water, 

diamine. 

These  compounds  are  obtained  in  the  state  of  nitrates :  those  among 
them  which  are  analogous  to  dinitro-  benzol  may  be  prepared  not  only 
by  the  action  of  nitrous  acid  on  bodies  which  are  analogous  to  dinitro- 
phenyldiamine,  being  formed  by  the  direct  action  of   nitrous  acid 
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on  the  nitrates  of  the  primary  aromatio  alkaloids  dissolved  in  nitric 
acid  and  cooled. 

(C^H'N")       +       (NHO«)       =       2(H«0)       +       (C«H*N') 

Phfloybanine.  Nitrow  ifdd.  Water.  DInitro-benxoL 

Boiled  with  water,  dinitro-benzol  and  the  analc^us  bodies  lose 
nitrogen,  and  give  rise  to  the  hydrate  of  the  radicle  which  existed  in 
the  alkaloid  from  which  they  are  derived : 

(C«H*N>)      +      (wo)       =       (^H*}o)      +       N» 

DInitro-beDzoL  Water.  Plieool  Nitrogeo. 

(hydrate  of  phenyl). 

Treated  with  hydrochloric,  hydrobromic,  or  hydriodic  acid,  they  give 
rise  to  a  chloride,  bromide,  or  iodide  of  the  radicle  existing  in  the 
original  alkaloid : 

(C"H*N*)       +       (HBr)       =       (C«H*Br)       +       N« 

Dbiitro-bensol.  Hydrobromic  Bromjktoof  Nltrogeo. 

add.  pheuyL 

Oriess,  who  discovered  these  compounds,  admits  that  they  are 
derived  from  the  fundamental  hydrocarbide  of  the  series  by  the  substi- 
tution of  N*  for  H*.  E^kul6,  on  the  other  hand,  regards  them 
differently,  on  the  ground  that  they  can  exist  in  a  free  state,  which 
has  not  been  demonstrated,  as  they  have  only  been  obtained  in 
the  state  of  salts.*  He  thinks  that  an  atom  of  hydrogen  in  the 
fondamental  hydrocarbide  is  saturated  by  one  of  the  three  atomi- 
cities of  an  atom  of  nitrogen  (regarded  as  triatomic)  :  the  two  remain- 
ing atomicities  would  be  saturated  by  two  atomicities  of  a  second  atom 
of  nitrogen,  and  the  atomicity  which  remains  free  in  this  second  atom 
of  nitrc^en  would  be  saturated  by  chlorine,  bromine,  or  the  halogen 
residue  of  nitric  acid,  as  the  following  figures  show : 

C  H  C  H  C  H   ^ 

Ci     ■     L-O  ®  C!:Zi:_i_.L)  ®   (i     i     i     n   ®    T 
♦    ®   tl     i     i     n   ®   (I     I     i     n   ®   (I     I     I     i) 

H  C  H  C  H  0 

=   C«H« 

Bensine. 

C  H  C  H  C  H    , 

a    i   1    n  ®  Li    i    i    t")  0  azxzrzE)  ®  Y 


1  ®  chjcht 

♦  H         IT 


r\ 


N 


(i     i_i     1^  (Jl  a     11     i^ 


N 


u 

Bi® 
=  (CTa*N«HBr) 

Hydrobromate  of  dinitro-benxoL 

The  hypothesis  of  M.  E^kul^  explains  the  reactions  of  these  bodies 
*  The  product  described  as  free  dinitro-benzol  has  not  been  analyzed. 
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very  well.  To  give  an  instance  of  this :  when  hydrobromic  acid  acts 
on  them,  the  hydrobromate,  of  which  the  formula  is  given  above,  is 
first  produced,  then  the  nitrogen  is  separated  in  a  free  state  and  leaves 
the  bromine,  which  unites  with  the  carbon  at  the  point  previously 
occupied  by  nitrogen,  and  thus  gives  rise  to  the  bromide  of  phenyl. 

The  action  of  nitrous  acid  on  the  ammonias  of  a  more  advanced 
degree  of  substitution  is  not  yet  known. 

5th.  Certain  primary  ammonias,  belonging  to  the  aromatic  series, 
and  obtained  by  Zinin's  process  (phenic  ammonias),  can,  under  the 
influence  of  chloride  of  carbon,  chloride  of  tin,  arsenic  acid,  pemitrate 
of  mercury,  nitro-benzine,  and  the  chlorinating  or  oxidizing  agents  in 
general,  produce  new  and  much  more  complicated  bases,  the  salts  of 
which  present  veiy  beautiful  colours,  and  are  successfally  used  for 
dyeing.  This  property  has  especially  been  observed  in  aniline  and 
toluidine.  Hofmann  states  that  this  character  belongs  exclusively  to 
the  mixture  of  the  two  bases  and  not  to  each  one  taken  separately ; 
but  his  opinion  is  contested. 

6th.  The  hydrochlorates  of  the  compound  ammonias  readily  dissolve 
in  absolute  alcohol,  a  property  which  enables  them  to  be  separated  from 
the  chloride  of  ammonium,  which  is  almost  insoluble  in  that  liquid. 

7th.  With  the  bichloride  of  platinum,  these  hydrochlorates  form 
double  chlorides  whose  composition  is  analogous  to  that  of  the  double 
chloiide  of  platinum  and  ammonium.  Sometimes  these  precipitates  are 
scarcely  soluble  at  all  in  the  cold,  sometimes  they  are  more  so ;  they 
always  crystallize  readily  and  are  very  useful  for  fixing  the  composition 
of  the  alkaloids,  and  enable  us  to  judge  of  the  purity  of  these  products. 

8th.  When  a  primary  aromatic  monamine  is  submitted  to  the  simul- 
taneous action  of  acetic  acid  and  phosphorous  chloride,  chloride  of 
acetyl  is  first  formed,  which  converts  a  portion  of  the  alkaloid  into  an 
amide,  containing  the  radicle  acetyl  and  the  radicle  originally  contained 
in  the  monamine  (Hofmann). 


ilY)  +  (^1)  =  ©)  -  RM 


Aniline.  Chloride  of  aoetjL  Hydrochloric  Phenyl-acetamlde. 

add. 

Phosphorous  chloride  then  acts  on  the  mixture  of  the  undecom- 
posed  primary  alkaloid  and  the  amide  formed  in  the  first  stage  of 
the  reaction.  The  elements  of  a  molecule  of  water  are  eliminated ; 
the  oxygen  is  furnished  by  the  acid  radicle  and  one  atom  of  H  by  a 
molecule  of  the  monamine,  the  other  being  given  by  a  molecule  of  the 
amide.  The  acid  radicle  deprived  of  0''  then  becomes  triatomic  and 
unites  the  two  molecules,  giving  rise  to  a  diamine  : 

Toluidiuc.  Beiuyl-Aoetamide.  Water.  Ethenrl-dlbeiutyl* 
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Under  tlie  same  conditions  the  secondary  aromatic  monamines 
undergo  an  analogous  transformation,  only  the  product  no  longer 
contains  typical  hydrogen. 


IMphenyl-amioe.  Pbenyl'doetamide.  Water.  Etbenyl-tripheDyl- 

diamine.. 

9th.  The  haloid  salts  of  a  compound  ammonium  (n«-"r^>^)  (^  =  ^^> 
Br  or  I)  split  up  on  distillation  into  a  simple  ether  and  a  base  ( m^  \^)' 

Iodide  of  tetrethyl-  Iodide  of  ethyL  TriethylAinine. 

ammoDium. 

Peoperties  of  the  Hydrates  op  Quaternary  Ammoniums. — 1st. 
They  are  solid  bodies  which  crystallize  when  their  solutions  are  eva- 
porated in  vacuo.  They  are  deliquescent,  'and  attract  moisture  like 
caustic  potash  and  soda. 

2nd.  They  absorb  carbonic  anhydride  directly. 

3rd.  When  distilled  they  decompose,  producing  a  tertiary  ammonia 
and  water.  A  hydrocarbide  is  formed  at  the  same  time,  derived  from 
one  of  the  four  alcohol  radicles  by  the  elimination  of  H.  When  the 
hydrate  decomposed  contains  several  different  alcohol  radicles,  it  is 
always  that  which  is  the  least  carbonized  which  is  separated  from  the 
group: 

Hydrate  of  ethyl-propyl-  Propyl-butyl-  Water.  Ethylene, 

batyl-amyl-ammoniiun.  amylamine. 

Thei-e  is,  however,  an  exception  to  the  above  rule.  When  the 
hydrate  contains  methyl  (OH*),  it  is  not  separated  as  water  and  methy- 
lene, but  as  methylic  alcohol : 

[(c.^}n]|o   =   (^J|n)  +  (C^}o) 

Hydrate  of  triethyl-mctfayl-  TriethyUamine.  Methylic  aloohoL 

mnnwrnlnm- 

4th.  Treated  by  the  hydracids,  the  hydrates  of  ammoniums  furnish 
haloid  salts.  Their  chlorides  give  precipitates  with  the  bichloride  of 
platinum,  or  at  least  double  salts  which  readily  crystallize. 
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Nomenclature  of  thb  Compound  Ammonias  derived  from  Mona* 
TOMic  Aloohoi^. — The  ammoniaB  of  the  first  three  degrees,  in  the  free 
state  helong  to  the  ammonia  type ;  in  the  state  of  salts  they  belong  to 
the  ammonium  type.  It  thence  arises  that  each  of  them  has  two  names, 
according  as  it  exists  free  or  combined. 

If  the  ammonia  be  free,  it  is  called  an  amine,  and  the  name  of  the 
radicle  substituted  for  the  hydrogen  is  placed  before  this  word.  Then 
the  syllables  mono,  di,  tri,  are  prefixed  to  the  name  of  this  radicle  to 
indicate  its  proportion  in  the  compound ;  generally,  mono  is  suppressed. 

When  there  are  different  radicles  present,  the  name  of  each  is  placed 
before  the  word  amine,  care  being  taken  to  put  the  syllable  di  before 
that  one  of  which  the  compound  ammonia  contains  two  molecules^ 
supposing  there  to  be  such  a  one. 

/C«H']     \ 

Thus  the  compound  (     H  >  N I  is  called  ethylamine ;  the  compound 

\    HJ     / 

I  C'H'  ^  N  L  dipropylamine ;  the  compound  ( C*H"  >  N  j,  triamylamine ; 
\    HJ     I  \C»H"j     / 

/CW]     \ 
the  compound  I  C*H*  >  N  l  methyl-ethyl-phenylamine ;  the  compound 

\CH*  J     / 

CIP  ]     \ 

CH'   >  N  L  dimethyl-amylamine,  etc. 

C*H"j     / 

When  these  bodies  enter  into  saline  combinations  it  is  in  the  state 
of  ammoniums.  The  names  of  these  compounds  are  formed  in  the  same 
manner  as  those  of  the  amines  whence  they  are  derived,  by  simply 
substituting  the  word  ammonium  for  amine.  Thus,  the  chlorides  of 
the  ammoniums  derived  from  the  different  ammonias  we  have  given 
as  examples  would  be  the  chlorides  of  ethyl-ammonium,  dipropyl- 
ammonium,  tiiamyl-ammonium,  methyl-ethyl-phenyl-ammonium,  and 
dimethyl-amyl-  ammonium . 

The  quaternary  ammoniums  are  named  after  the  same  rules.     The 

^  H  I  ^  )»  ^*^^  instance,  would  be  the  hydrate  of  tetrethyl- 

ammonium ;  the  body  (^^  ^'^  (C'H')^  )  q\  ^^^j^  ^  ^j^^  hydrate  of 

diethyl-dipropyl-ammonium ;  the  body  {(P^^r^  H    1  ^)  would  be  the 
hydrate  of  trimethyl-amyl-ammonium ;  the  body 

/CH»,C«H^C*H^C*H",N  1  ^\ 

would  be  the  hydrate  of  methyl-ethyl-butyl-amyl-ammonium. 


( 
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Aj)pendix  to  the  Monamines  derived  from  Monaiomic  Akohols. 

Pseado-Amylamine. — ^Wurtz  has  obtained  this  by  distilling  the 
cyanic  ether  of  amylic  pseudo-alcohol  with  potash.  Contrary  to  what 
might  be  expected  considering  the  properties  of  the  pseudo-alcohols, 
this  base  cannot  be  divided  into  ammonia  and  amylene.  Wurtz 
explains  this  phenomenon  in  the  following  manner:  the  formula  of 

amylic  pseudo-alcohol  is  f  I-    '       H  r  ^  )>  ^^^  ^^^  ^^  pseudo-amyl- 

/[H,HWi 
amine  is  I  H 

\  H 

In  both  these  bodies  the  pseudo-amyl  is  united  by  carbon  in  the  one 
case  to  oxygen,  in  the  other  to  nitrogen. 

When  the  pseudo-alcohol  is  decomposed  into  water  and  amylene, 
the  oxygen  leaves  the  carbon  and  joins  the  hydrogen.  For  the  pseudo- 
amylamine  to  be  decomposed  into  amylene  and  ammonia,  the  nitrogen 
should  separate  from  the  carbon  and  go  to  the  hydrogen.  This  does  not 
take  place,  because  carbon  has  a  stronger  affinity  for  nitrogen  than  for 
oxygen. 

If  this  explanation  be  true,  a  cyanide  ought  to  be  formed  when  the 
pseudo-amylamine  is  decomposed  by  transmitting  its  vapour  over  red- 
hot  baryta.  Wurtz  has  found  that  cyanide  of  baiium  is  formed  under 
these  conditions. 

Though  the  differences  which  separate  pseudo-amylamine  from 
amylamine  are  not  so  marked  as  those  which  separate  pseudo-alcohols 
from  alcohols,  these  two  bases  are,  nevertheless,  isomers. 


AMINES  DERIVED  FROM  BLA.TOMIC  ALCOHOLS. 
Any  biatomic  alcohol  (  tt,>  O'j  may  lose  itsmonatomic  group  (HO), 

when  the  residue  ( -cr  [  0  )  has  a  tendency  to  become  saturated,  either 

by  regaining  the  group  (HO),  or  by  uniting  with  any  other  monatomic 
radicle.  It  is  monatomic,  and  may  be  substituted  for  one,  two,  three, 
four  atoms  of  hydrogen  in  ammonium  (NH*),  or  in  ammonia  (NH*). 
Hence  arise  the  monamines  or  monammoniums. 

The  biatomic  alcohol  may  also  lose  twice  the  group  (HO) ;  the 
biatomic  radicle  R"  then  remains.  This  latter  may  be  substituted  for 
one,  two,  three,  four  times  H*  in  the  condensed  ammonium  or  ammonia 
types.  Thence  arise  the  diamines  and  diammoniums.  Thus  there  may 
exist  monamines  and  monammoniums,  resulting  from  the  substitution 
of  R"  for  H*  in  the  simple  types,  but  no  body  of  this  nature  is  known. 

MonamineB   derived    from    Biatomic   Aloohols. — Preparation. — 
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These  compounds  have  been  prepaid  for  the  first  time  by  Wiirtz. 
They  may  be  obtained  by  two  methods. 

First  Process. — The  anhydride  of  a  glycol  is  intimately  mixed  with  a 
solution  of  ammonia :  the  reaction  commences  in  the  cold  ;  the  anhy- 
dride of  the  glycol  combines  directly  with  the  ammonia.  On  saturat- 
ing the  compounds  formed  by  hydrochloric  acid,  and  separating  the 
chlorides  by  fractional  distillations,  products  are  obtained  the  formulsd 
of  which  are : 

(B"0,NH»)  ;C[R"0]*,NH«)  ;([R"0]»,NH»). 
These  bodies  may  be  represented  by  the  rational  formulas : 

[(h]<^].]       p]orJK]        [(H»>] 

which  indicate  primary,  secondary,  and  tertiary  monamines  arising 

from  the  substitution  of  the  residue  (^  i  0  j  for  hydrogen. 

Second  Process. — ^The  chlorhydrin  of  a  glycol  is  made  to  act  on  am- 
monia, then  the  ammonia  formed  is  made  to  act  on  a  second  molecule 
of  the  chlorhydrin,  and  so  on,  as  in  Hofinann's  process  for  the  prepara- 
tion of  monamines  of  the  monatomic  alcohols : 


m  ^  (ih) ' 


Chlorhvdrfn 
of  a  g^ooL 


AmmoDiii. 


Hydrochlorate  of  a  monamino 
derived  from  a  glycoL 


On  submitting  the  tertiary  monamine  to  the  action  either  of  chlor- 
hydrin or  of  the  anhydride  of  a  glycol,  a  product  is  obtained  the 
rough  formula  of  which  is  ([R"OJ*,NH») ;  in  its  turn  this  body  can  pro- 
duce another  ([R"0],«NH») ;  then  another  (rR"01«,NH«) ;  then  another 
([R"0)^NH»),  and  so  on. 

The  constitution  of  these  different  compounds  may  be  easily  seen  b3' 
admitting  that  the  residues  which  are  substituted  for  the  hydrogen  are 
derived  by  elimination  of  HO,  not  from  a  glycol,  but  from  a  condensed 
glycol.  Thus  the  ammonia  ([R"0]*,NH»J  would  have  for  rational 
formula : 


J]"')]  _ 
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in  whioli  the  third  atom  of  hydrogen  is  replaced  by  the  residue 
derived  from  the  condensed  glycol  I  R"  V  O"  I  by  the  elimi- 


if} ") 


(1}  "■) 


nation  of  HO. 
The  compound  ((RO^jKH")  would  have  the  formala: 

■(|}°):  ■ 

_(ir)l  _ 

In  the  first  of  these  formulsB  H'  is  supposed  to  be  replaced  by  the 

residue  (R"*HO')  of  the  condensed  glycol  fm  [0*j;  in  the  second, 

H'  is  supposed  to  be  replaced  by  the  residue  (R"HO)  of  a  simple 
glycol,  and  the  third  atom  of  H  by  the  residue  (R'^HO*)  of  a  glycol 
three  times  condensed  (R"*H*0*).  It  would  be  difficult  to  decide  be- 
tween these  two  formulae. 

The  derivatives  which  contain  a  greater  number  of  atoms  of  the 
radicle  of  glycol  would  be  represented  by  similar  formulae. 

The  following  equations  show  how  these  bodies  are  formed,  either 
by  means  of  the  anhydrides  of  biatomic  alcohols,  or  by  their  chlor- 
hydrins : 

(i1 "') 


(i>)'i 


( 
( 


H 

R" 
Hf 


.N     +     (R"0) 


N 


Anhydride 
of  a  glyooL 


Tertiary  monamine 
oootalning  three  times 
the  reddae  of  a  simple 
glycol. 


Tertiaiy  monamlne 
containing  twice  the  residue  of 
a  simple  glycol,  and  once  that 
of  a  condensed  glycol 


(SI  0)' 
(h  ( 0) 

(f  1 »)' 


.N     +    (K-jOH) 


Chlorhydrin  of 
a  glycol. 


NHCl, 


Tertiary  monamine 
ountaining  three  times 
the  residue  of  a  simple 
glyooL 


Hydrochlorste  of  a  tertiary 
monamine  containing  twice  the 
residue  of  a  simple  glycol  and 
once  that  of  a  condensed  glycol. 


Properties, — The  properties  of  the  different  compound  ammonias,  the 
formation  of  which  has  just  been  indicated,  are  little  known.   They  have, 

2  L 
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howeyer,  one  fundamental  property :  the  monatomic  residues  which 
are  substituted  for  H  always  contain  an  atom  of  typical  hydrogen.  It 
is  therefore  evident  that,  whatever  may  be  the  number  of  these  resi- 
dues, the  product,  like  ammonia,  always  contains  three  atoms  of 
t3T)ical  hydrogen  which  may  be  replaced  by  the  radicles  of  monatomic 
alcohols. 

Such  bodies  may  therefore  be  obtained  by  causing,  not  ammonia,  bnt 
the  monamines  of  different  degrees  derived  from  monatomic  alcohols  to 
act  on  the  anhydrides  of  the  glycols : 


(R"0) 


Anhydriilc 
of  a  glycol. 


(IH  ■ 


Primary 
moiuimlne. 


rVimary  monamine 

derived  from  a  glycol 

and  an  aloobol. 


In  fact,  VVurtz  has  stated  that  aniline  combines  with  the  oxide  of 
ethylene  ;  he  has  not  examined  the  products  of  the  reaction. 

Another  character  of  these  bases  is  that  they  are  oxygenized,  not 
only  in  the  free  state  as  the  hydrates  of  quaternary  ammoniums 
derived  from  monatomic  alcohols,  but  also  in  their  hydrochlorates, 
hydrobromates,  and  hydriodates.  In  this  character  they  approach 
the  oxygenized  alkaloids,  which  will  be  studied  presently,  and  which 
are  found  ready  formed  in  vegetables.  It  is  possible  that  the  natural 
alkaloids  belong  to  this  group,  and  that  their  synthesis  may  some 
day  be  accomplished.  No  satis&ctory  nomenclature  has  as  yet  been 
applied  to  the  compound  ammonias  just  spoken  of. 

Diamines  derived  firom  Biatomio  AlcoholB. — FREPARATioy. — These 
bodies  are  obtained  by  causing  ammonia  to  act  on  the  bromides  of 
biatomic  hydrocarbon  radicles ;  their  mode  of  preparation  is  therefore 
similar  to  that  of  the  monamines  which  are  obtained  by  causing  tlie 
simple  ethers  of  monatomic  alcohols  to  react  with  ammonia : 


Bromide  of  ethylene.  Ammonia. 


(iW  ■ 


IC?W"]    \ 


4-     (Cm:*"Br')      = 

Etbylene-dJamlne.  Bromide  of  ethylene. 


Bromide  of  ethylene* 
diammonium. 


;C?H«" 
\     H* 

Bromide  of  d1ethylene> 
diammoninm. 


Properties. — 1st.  These  ammonias  readily  combine  with  a  molecule 
of  water,  producing  hydrates,  which  are  decomposed  by  heat. 

2nd.  The  primaiy  diamines,  submitted  to  the  action  of  nitrous  acid. 
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give  nitrogen,  water,  and  the  anhydride  of  the  glycol,  the  radicle  of 
which  they  contain  : 

(TH  +  'CS}o)  ■  ^OfO  +  3(gfo)  +  (cm^) 

Etb7lene*dUiDine.  Nitrons  acid.  Nitrogen.  Wat^r.  Oxide  of  ethylene. 


3rd.  When  these  bases  still  contain  typical  hydrogen, — ethyl,  methyl, 
or  any  other  monatomic  radicle  may  be  substituted  for  it.  It  appears, 
however,  that  it  is  always  two  atoms  of  hydrogen  which  are  replaced 
by  two  molecules  of  a  radicle,  and  that  a  single  atom  of  hydrogen 
cannot  be  so  replaced. 

/(7H*"  ]     \ 

Thus  the  diethylic-diethylene  diamine  I  C*H*"    vN^  I  is  known,  but 

\(cmj\   I 

not  the  moiioethylio-diethylene  diamene  I  (?H*"    VN'L  It  is,  however, 


/C*1I«"   )     \ 
[cm*"    iN'Lltis, 

\c*h»,h|    / 


possible  that  this  and  other  analogous  bodies  may  be  prepared. 

4th.  Combined  with  acids,  these  ammonias  produce  salts  of  diam- 
moniums.     These  diaramoniums  are  biatomic. 

Thus  we  have  : 

([H«(C*H*")N«]"I«) 

Iodide  of  etbylene-diammonfam. 

([HXC«H*")«N«J1«) 

Iodide  of  dietbylene-diammoninm. 

NoMEafCLATURE. — ^Thcse  bodies  receive  the  names  of  diamines,  or  di- 
ammoniums,  according  as  they  are  free  and  belong  to  the  ammonia 
type,  or  combined  and  belong  to  the  ammonium  type.  These  names 
should  follow  that  of  the  biatomic  radicle  substituted  for  H^  this 
latter  being  preceded  by  the  syllables,  dt,  tri,  etc.,  to  indicate  its 
number. 

Thus  we  say  ethylene-diamine,  diethylene-diamine,  triethylene- 
diamine,  hydrated  oxide  of  tetrethylene-diammonium. 

When,  besides  the  biatomic  radicle,  monatomic  radicles  enter  into  a 
diamine,  the  name  foimed  according  to  the  above  rules  follows  that 
of  the  monatomic  radicles  which  end  in  ic  and  are  preceded  by  the 
syllables,  dt,  /n,  etc. 

Thus  the  compound  I    (C*H*)«?^'    llO^  would   take  the   name   of 


hydrate  of  hexethylic-ethylene  diammonium.  If,  instead  of  six  atoms 
of  the  radicle  ethyl,  it  contained  four  atoms  of  this  radicle  and  two 
atoms  of  the  methyl  radicle,  it  would  be  called  hydrate  of  dimethylic- 
tetrethyliceth34ene  diammonium. 

2  L  2 
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FolyamineB  derived  from  Biatomie  Alooliols. — ^The  formation  of 
the  diamines  just  spoken  of  is  easily  explained.  If,  in  two  molecnles  of 
ammonia,  IP  be  replaced  by  an  indivisible  biatomie  radicle,  and  the 
two  atoms  of  H  be  each  taken  from  a  different  molecule,  the  two 
molecules  become  united  into  one : 

HJ  H  / 

HI  H 

HVN  H 

hJ 

From  this  explanation  it  will  be  understood  that  three,  four  .  . .  n 
molecules  of  ammonia  may  be  united  by  means  of  biatomie  radiclea, 
and  that  triamines,  tetramines,  etc.,  are  thus  produced  : 


H] 

H 

■  N 

H 

H 

* 

H 
B" 

^1 

H 

■N 

H 

HJ 

R" 

TT) 

H 

H 

■  N 

H 

HJ 

TrUmtne. 

N 


HI 

H 

H 


N 


TV 

H^N    H  VN 


N  H 

H 

N  H 

H 


HVN 


N 


Tetramlne. 

The  formation  of  these  polyaminea  by  means  of  the  bromides  of 
biatomie  radicles  and  ammonia,  may  be  expressed  by  the  general 
equation : 

fiR"Br»  +  2nNH"  =  (R"-H*"HN-+»)  Bi*+»  +  n  -  lNH*Br. 

If  in  this  equation  n  =  1,  which  is  the  most  simple  case,  diamines 
are  produced.  If  n  be  made  equal  to  2,  tiiamines  are  obtained,  and  so 
on. 

M.  Hofmann  has  proved  by  experiment  that  this  view  is  correct  in 
the  ethylenic  series.  The  action  of  the  bromide  of  ethylene  on  ammonia 
gives,  besides  the  diamines  of  which  we  have  spoken,  the  tribromide 

of  diethylene-triammoniumf  ^        H"!  ^'•^^)  *^^  *^®  tribromide  of 
triethy lene-triammonium  (^        -rj* >  N*,Br*  j 
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COMPOUND  AMMONIAS  DERIVED  FROM  TRIATOMIC 

ALCOHOLS. 

These  bases  have  as  yet  been  very  little  studied ;  theoretically  their 
ntimber  may  be  very  considerable,  but  they  can  only  be  separated  fi'om 
each  other  with  great  difficulty. 

A  glycerine  (  hs[^)  '^^J*  ^^  losing  an  atom  of  HO  once,  twice,  or 

three  times,  give  the  residues T  mfO"),  (    Hi  ^)  '  ^'  ^ '•    ^®  ^^* 

of  these  residues  ought  to  be  able  to  be  substituted  for  one,  two,  or 
three  atoms  of  the  hydrogen  of  ammonia ;  also  for  the  hydrogen  of 
mono-  or  bi-atomic  residues  derived  from  glycerines  by  the  elimination 
of  HO  or  of  2H0. 

The  biatomic  residue  (    h  i  ^ )  ^^^^^  ^  substituted  for  one,  two, 

or  three  times  H'  in  the  condensed  type  H" 

W 

moreover,  this  residue,  like  the  radicles  of  glycols,  could  give  rise  to 
triamiiies,  tetramines,  etc.  It  may  also  be  conceived  that  it  could 
replace  the  hydrogen  of  the  biatomic  radicles  deiived  fix>m  polyglyoe- 
rines  by  elimination  of  2H0. 

The  radicle  R'''  could  be  substituted  for  H*  once,  twice,  thrice,  or 
four  times,  giving  triammonio  compounds.  It  is  also  evident  that 
this  radicle  ought  to  be  able  to  give  rise  to  polyamines  of  a  conden- 
sation higher  than  three. 

Finally,  from  the  polyglycerines  containing  more  than  three  atoms  of 
typical  hydrogen,  residues  may  be  derived  of  an  atomicity  greater  than 
three,  which  may  also  be  substituted  for  the  hydrogen  of  ammonia  and 
produce  polyamines. 

Only  two  of  all  these  probable  compounds  are  known,  glyceramine 
/C'ff 


N*,  giving  rise  to  diamines ; 


:^>N  Lwhic 


which  Beri helot  has  obtained  in  the  state  of  ohlorhy- 


drate  by  heating  monochlorhjdric  glycerine  with  ammonia*,  and  a 
triamine  obtained  by  Laatemann  by  submitting  carbozotic  aoid  (tri- 
nitrophenol )  to  the  reducing  action  of  hydriodic  acid : 

(CTP(NO«)'0)  +  23(^1)   =         g  N*,r     +  7(5}  O)  +  lo({|) 

Oarbazotlc  tcU.  Hydriodic  tdd.  Hydriodste  of  tbe  Water.  Iodine. 

new  base. 


*  Berthelot  oaoBed  dichlorhydin  and  not  nionoehlorhydrin  to  act  on  ammonia. 
But  in  a  first  stage  of  the  reaction  the  ammonia  transforms  the  dicldorhydrln  into 
monochloThydrin  by  an  incomplete  saponiflcatioii. 
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COMPOUND  AMMONIAS  DERIVED  FROM  ALCOHOLS  OF 
A  GREATER  ATOMICITY  THAN  THREE. 

On  applying  to  these  alcohols  the  considerations  applied  to  bi-  and 
tri-atomio  alcohols,  some  idea  may  be  obtained  of  the  immense  number 
of  ammoniacal  compounds  to  which  they  may  give  rise. 

The  polyamines  of  this  order  are  little  known.     A  base  has  been 

prepared  which  contains  the  radicle  C^,  guanidine  (m  [  ^*)  ('^  Qna- 

nine,  Xanthine,  Hypoxanthine),  and  one  in  which  the  radicle  (C*°H*) 
is  found,  derived  from  naphthalin  by  the  elimination  of  H^.  This 
latter  has  been  prepared  by  the  action  of  hydriodic  acid  on  quadri- 
nitro-naphthalin.  Hofmann  has  recently  prepared  guanidine  by  the 
action  of  ammonia  on  the  orthocarbonate  of  ethyl : 

(C(0C»H»)')      +       3  (nip)       =       4(^h')^)      +      (bpI^'O 

Orthocarbonate  Ammonia.  AlooboL  Gnanldlne. 

of  ethyl. 


PHOSPHURETTED,  ARSENIDRETTED,  AND  ANTIMO- 

NIURETTED  AMMONIAS. 

Phosphorus,  arsenic,  and  antimony,  belonging  to  the  family  of 
nitrogen,  may  be  substituted  for  this  metalloid.  Hence  the  possibility 
of  bases  analogous  to  those  just  considered  in  which  the  nitrogen 
would  be  replaced  by  one  of  these  three  bodies. 

In  fact,  compounds  of  this  nature  are  known.  But  the  primary  and 
secondary  phospuretted,  arson iuretted,  and  antimoniuretted  ammonias 
have  not  as  yet  been  prepared. 

Preparation  of  Phosphuretted  and  Arsenidretted  Ammonus. — 
The  tertiary  phosphuretted  and  arseniuretted  ammonias  may  be 
obtained  by  two  processes : 

First  Process,— A  hydrobromic  or  hydriodic  ether  is  made  to  act  on 
a  phosphide  or  an  arsenide. 


m 

+ 

K'TI)  - 

1  c«H*  I  r 

\C'H*  j 

Phosphide 
of  potassium. 

Iodide  of  ethyl 

Triethvl- 
pboephjne. 

+ 


(^1) 


Iodide  of 
potaadua. 


This  process  is  well  adapted  for  arseniuretted  ammonias,  but  it  is 
very  little  used  for  phosphuretted  ammonias  on  account  of  the  diffi- 
culty of  preparing  metallic  phosphides. 
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Second  Process. — The  trichloride  of  phosphorus  or  arsenic  is  made  to 
react  with  the  compounds  formed  by  zinc  with  alcohol  radicles : 

Etbyllde  or  zinc.  Terchloride  of  Trietbyl-phosphine.  Chloride  of  zinc. 

phoepborus. 

These  reactions  are  generally  accomplished  very  readily.  The 
operation  should  always  be  conducted  slowly,  and  the  apparatus 
kept  cool,  owing  to  the  violence  with  which  the  action  takes  place. 

The  second  process  is  more  convenient  and  sure  than  the  first,  but 
it  is  less  general,  as  all  the  alcohol  radicles  have  not  been  obtained 
combined  with  zinc. 

Preparation  of  Antimoxiuretted  Ammonias. — These  compounds 
are  obtained  by  causing  the  simple  ethera  of  monatomic  alcohols  t^ 
act  on  the  antimonide  of  tin. 

Antimonide  of  tin.  Iodide  of  etbyL  Iodide  of  tin.  TriethyUUbine. 

It  is  possible  that  these  bodies  might  also  be  obtained  by  treating  the 
terchloride  of  antimony  by  zinco-alcoholic  compounds,  but  nothing  of 
this  kind  has  as  yet  been  tried. 

Nomenclature. — ITie  nomenclature  of  phosphuretted,  arseniuretted, 
and  antimouiuretted  bases  is  the  same  as  that  of  the  ammonias  proper. 
Only  in  the  phosphorus  series  the  word  amine  is  replaced  hy  phosphine  ; 
in  the  arsenic  series  it  is  replaced  by  the  word  arsine,  and  in  that  of 
antimony  the  word  sUhine  is  substituted. 

ITius,  the  compounds  ((C»n*)»P),  (((7H*)»As),  and  ((C'H^Sb),  are 
called  triethyl-phosphine,  triethyl-arsine,  and  tiiethyl-stibine. 

The  phosphuretted,  antimouiuretted,  or  arseniuretted  compounds  of 
the  ammonium  type  receive  names  analogous  to  those  of  the  nitro- 
genized  products  of  the  same  order,  the  word  ammonium  being  replaced 
by  the  words  phosphonium,  arsonium,  and  stibium.  Thus  we  should 
say :  hydrated  oxide  of  tetrethyl-phosphonium,  iodide  of  tetramethyl- 
arsonium,  etc. 

Propertips  of  the  PnosPHiNics. — 1st.  The  different  acids  combine 
directly  with  the  phosphines,  giving  salts  of  a  tertiary  phosphonium  : 


yCH 


6 


Trietbyl-pboepblne.  Hydrocbloric  ChloTlde  of  triethyi- 

acid.  plioBpboDiam. 

2nd.  Phosphines  combine  directly  with  hydriodic  ethers  and  give 
iodides  of  quaternary  phosphoniums  : 
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TrleChyl^bospbine.  lodSde  of  etbyU  Iodide  of  fectretbyl- 

phoftphoDium. 


Theee  iodides,  submitted  to  the  action  of  oxide  of  silver  and  water, 
give  iodide  of  silver  and  the  hydrate  of  the  quatemaTy  phosphonium 
of  which  they  contain  the  elements. 

3rd.  Tertiary  phosphines  unite  directly  either  with  two  atoms  of 
chlorine,  bromine,  or  iodine,  or  with  one  atom  of  oxygen,  sulphur, 
selenium,  or  tellurium.  Among  ihe  compounds  thus  formed  the  oxide 
is  remarkable,  as  it  acts  as  a  basic  anhydride  capable  of  fonning  well- 
defined  salts. 

4th.  When  distilled,  the  hydrates  of  quaternary  phosphoniums  give 
the  hydrides  of  their  radicles,  and  the  oxides  of  tertiary  phosphines  : 


Ex. 


Hydrate  of  trtrethyl-  Oxide  of  trietbyl-  Hydride  of 

phoBphoniam.  phoqihiiie.  etbyL 


Pkopi£RTies  of  the  Arsinis. — 1st.  The  arsines  can  in  no  case  unite 
with  hydracids  to  form  salts ;  they  therefore  in  this  respect  do  not  act 
as  true  ammonias. 

2nd.  The  arsines  combine  with  the  iodides  of  alcohol  radicles,  giving 
rise  to  iodides  of  quaternary  arsoniums,  which,  with  the  oxide  of  silver 
and  water,  furnish  the  corresponding  hydrates.  These  hydrates  are 
bases  equally  as  powerful  as  the  hydrates  of  the  corresponding  ammo- 
niums or  phosphoniums. 

3rd.  The  arsines  are  capable  of  uniting  directly  either  with  two 
atoms  of  chlorine,  bromine,  or  iodine,  or  with  one  atom  of  oxygen, 
sulphur,  selenium,  or  tellurium.  The  oxides  act  as  basic  anhydrides 
and  give  well-defined  salts. 

4th.  The  hydrates  of  quaternary  arsoniums  decompose  by  distilla- 
tion like  the  hydrates  of  ammoniums,  and  not  like  the  hydrates  of 
phosphoniums.  They  give  water,  a  tertiary  arsine,  and  a  hydrocar- 
bide  which  differs  from  the  radicle  contained  in  the  hydrate  of  arso- 
nium  by  having  H  less  : 

j^(C*ff)*^  I Q^       =       (h«0)      +      (^(0*H*)»Ab)      +      (C*H*) 

Hydrate  of  tetrethyl-  Water.  Triethyl-anlne.  Ethylene, 

anooiom. 

Properties  of  Stibinbs. — The  stibines  have  properties  which  aie 
similar  to  those  of  the  arsines.  But  it  is  not  yet  known  whether 
the  hydrates  of  quaternary  stibiums  when  heated  split  up  like  the 
hydrates  of  ammoniums  and  arsoniums,  or  like  the  hydrates  of  the 
phosphoniums. 
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The  characters  of  the  alcoholic  derivatives  of  nitrogen,  phosphorus, 
arsenic,  and  antimony  establish  between  these  four  bodies  greater 
analogies  than  can  be  deduced  from  the  study  of  their  mineral  com- 
pounds. 

These  bodies,  by  uniting  with  four  radicles  of  monatomic  alcohols, 
are  all  capable  of  famishing  complex  radicles,  the  hydrates  of  which 
are  powerful  bases  analogous  to  potash. 

Moreover,  in  the  compounds  which  are  analogous  to  ammonia, 
gradual  changes  of  properties  are  observed,  as  is  the  case  in  every  well- 
established  series.  While  ammonia  is  capable  of  uniting  energetically 
with  all  the  acids,  phosphuretted  hydrogen  only  possesses  this  pro- 
perty in  the  cases  of  hydrobromic  and  hydriodic  acids,  and  neither 
arseuiuretted  nor  antimoniuretted  hydrogen  possess  it  in  any  case. 
While  the  amines  and  tertiary  phosphines  lM)th  have  great  affinity 
for  acids,  arsines  and  stibines  have  none.  The  character  of  biatomio 
radicles  observed  in  stibines,  arsines,  and  phosphines  is  not  observed 
in  amine&  It  will  be  seen  that  phosphines  are  intermediate  between 
amines  on  the  one  side,  and  arsines  and  stibines  on  the  other.  Like 
amines,  they  combine  directly  with  acids ;  but,  like  arsines  and  sti- 
bines, they  act  as  biatomic  radicles. 


ACTION  OF  THE  DIBBOMHTDBIO  BTHBB8  OF  QLTCOLB 
ON  THE  DIFFEBENT  AMMONIAS  HAVINa  MONATOMIC 
BADICIiEB. 

These  experiments  have  been  made  by  Hofmann  in  the  methylenio 
and  ethylenic  series.  We  will  give  the  results  obtained  in  the  ethylenio 
series  as  example.  It  cannot  be  doubted  that  these  results  may  be 
reproduced  in  the  other  series. 

On  causing  the  bromide  of  ethylene  to  act  on  a  tertiary  amine, 
phosphine,  arsine,  or  stibine,  Hofmann  obtained  in  the  state  of  bromides, 
ammoniums  resulting  from  the  addition  of  the  radicle  bromethyl 
(CH^Br)  to  the  ammonia  employed : 

I—  cm*  I  —1' 

+        (C«H*Br«)         =  §H»  r        ^^ 

LCH*Br|    J 

Trietbyl-  Bromide  of  Bromide  of  triethyl-bromethyl- 

pboBphLae.  ethyleoe.  pboqthoniom. 

These  salts  contain  the  bromine  in  two  different  states.  When  they 
are  treated  with  nitrate  of  silver,  a  single  atom  of  bromine  is  pre- 
cipitated. 

When  heated  with  oxide  of  silver  and  water,  according  to  the  con- 
ditions under  whfch  the  operation  is  conducted  and  which  are  not  yet 
well  determined,  these  bromides  give  rise  to  two  different  reactions. 

Sometimes  they  lose  an  atom  of  bromine  in  the  state  of  hydrobromic 
acid  while  the  other  atom  is  replaced  by  HO,  when  the  hydrates  of 
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vinylio  ammoniuius,  that  is  to  say  the  ammoniums  in  which  the  fourth 
atom  of  hydrogen  is  replaced  by  the  radicle  vinyl  (C^H?),  are  obtained- 
Sometimes  the  two  atoms  of  bromine  are  replaced  by  two  atoms  of 
HO ;  we  have  then  the  hydrate  of  an  oxethylic  ammonium,  that  is 
to  say,  of  an  ammonium  in  which  the  fourth  atom  of  hydrogen  is  re- 
placed by  the  radicle  oxethyl  (C*H*0)  : 


C*H*Br|     J 


Bromide  of  tripihyl-bromethyl* 
phottpbouium. 


+ 


(ill") 


-  <i?!) 


+ 


Oxide  of  silver. 


Bromide  of 
silver. 


Hydrate  of  triethy l-vioyl- 
pboephonlum. 


^  aifo) .  (ifo)  - 


Bromide  of  trleihyl-bromethyU 
phoepbooixmi. 


KtfD 


Bromide  of 
silver. 


Oxide  of  silver. 


Water. 


Hydrate  of  triethyl-oxFthyl- 
phospbonium. 


With  the  bromethylic  bromides  derived  from  the  arsines,  the  first  of 
these  reactions  takes  place  more  easily  than  the  second. 

When  these  bromethylic  compounds  are  treated  by  nascent  hydn^n, 
this  body  is  substituted  for  the  bix)mine  of  the  bromethyl,  and  a  tetr- 
ethylic  compound  again  arises : 


\LC*n*13r|     Jj 

Bromide  of  trietbyl-brometbyl- 
phospbonium. 


H)     _     HI 
Hf     -     Bif 


Hydrogen.       Hydrobromic 
add. 


Bromide  of  tetretbyl- 
pbospbQuimn. 


On  submitting  oxethylic  bases  to  the  action  of  the  perbromide  of 
phosphorus,  the  bromethylic  compounds  are  re-formed  : 

Cm\^      Br     +     (PBr»)     = 
C«H*0 1     J 


Bromide  of  triethyl- 
oxetbyl-pboepbonium. 


(PBrH))     + 


Perbromide 
of  pboi^horus. 


+ 


H 
Br 


! 


Oxybromide 
of  pboepborus. 


Bromide  of  trietbyl-brometbyl- 
pbospbonlum. 


Hydrobromic 
add. 


COMPOUNDS  OF  ARSENIC,  Etc. 
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The  bromethylic  bromides  obtained  by  means  of  phosphines,  arsines, 
or  stibines,  may  combine  with  a  fresh  molecule  of  the  different  tertiary 
ammonias,  giving  rise  to  bromides  of  biatomic  ammoniums : 


Bromide  of  trletbyVbrometbyl- 
phosphoDium. 


+ 


Thetbyl-pbosphina 


PCTFT*"  1 

■^ 

C'H'' 

C«H» 

CTT'' 

.p 

C^H« 

C«H» 

C«H»  , 

// 


Br» 


Bromide  of  etbylene- 
hexetbylic  diphoopbonlam. 


The  bromethylic  bromides  derived  from  the  amines  do  not  combine 
with  a  second  molecule  of  tertiary  ammonia.  But  those  bases  which 
cannot  be  thus  obtained  may  be  easily  procured  by  the  action  of  the 
hydriodic  ethers  of  monatomic  alcohols  on  the  primary  diamines. 

Thus  the  bromide  of  hexethylic  ethylene-diammonium,  corresponding 
to  the  bromide  of  hexethylic  ethylene-diphosphouium,  has  been  pre- 
pared by  causing  the  iodide  of  ethyl  to  act  on  the  ethylene  diamine. 

In  the  different  reactions  which  have  been  mentioned,  the  bromides 
of  the  biatomic  hydrocarbon  radicles  act  like  the  bromides  of  the 
monobrominated  monatomic  radicles  of  the  same  series :  the  bromide  of 
ethylene  (C'H*"Br')  acts  like  the  bromide  of  brominated  ethyl 
(C^H^Br,Br).  In  fact,  Hofinann  is  assured  that  exactly  the  same  results 
are  obtained  when  the  bromide  of  brominated  ethyl  is  substituted  for 
the  bromide  of  ethylene. 


CGMPGITimS  OF  ABSENIC  WITH  THE  AIiCOHOL  BADICLES 
WHICH  DO  NOT  COBBE8FOND  TO  THE  AMMONIA  OB 
AMMONIUM  TTPES. 

It  has  been  seen  that  nitrogen,  phosphorus,  arsenic,  and  antimony, 
on  uniting  with  four  radicles  of  alcohols,  give  rise  to  complex  com- 
pounds which  act  as  monatomic  radicles,  and  which  we  have  referred 
to  the  ammonium  type,  NH^. — It  has  also  been  seen,  that  if  the  number 
of  aleohol  radicles  united  to  these  bodies  is  not  more  than  three,  the 
compounds  formed  act  sometimes  like  ammonia,  that  is  to  say  they 
unite  directly  with  acids  as  is  the  case  with  amines  and  phosphines ; 
and  sometimes  these  compounds  act  as  biatomic  compound  radicles, 
that  is  to  say  they  unite  with  the  elements,  as  is  the  case  with  phos- 
phines, arsines,  and  stibines. 

It  may  therefore  be  conceived  that  if  compounds  containing  only 
two  alcohol  radicles,  or  one  only  of  these  radicles,  could  be  obtained, 
these  compounds  would  act  as  triatomic  or  tetratomic  radicles. 

Such  compounds  have  not  as  yet  been  discovered  in  the  nitrogen  and 
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antimonj  series,  but  some  are  known  belonging  to  the  phosphoms  and 
arsenic  series. 

lliose  containing  arsenio  especially  are  well  defined,  and  deserve  our 
attention  for  a  short  time. 

When  a  mixture  of  arsenious  anhydride  and  acetate  of  potassium  is 
distilled,  a  fuming  liquid  is  obtained  (Cadet's  liquor),  which  contains 

pTTs  > As  ] :  this  is  placed  in  a  flask  full  of 

carbonic  anhydride  to  avoid  combustion,  washed  with  boiling  water, 
and  after  it  has  been  digested  on  fragments  of  potash  it  is  distilled. 

The  distilled  product,  treated  with  the  bichloride  of  mercury,  gives 
a  precipitate  of  the  double  chloride  of  mei-cury  and  caoodyl,  which  dis- 
tillation with  hydrochloric  acid  changes  into  chloride  of  cacodyl.  This 
chloride,  distilled  with  metallic  zinc,  abandons  its  chlorine  to  the 
metal,  and  the  cacodyl  liberated  is  disengaged  in  the  fonn  of  vapours, 
which  are  condensed  in  a  cold  receiver  full  of  carbonic  anhydride. 

Cacodyl  thus  prepared  has  the  formula  f  /nmy  a    )•  ^^  ignites  spon- 
taneously in  the  air,  disengaging  vapours  of  arsenious  anhydride. 
When  oxygen  is  transmitted  bubble  by  bubble  into  cacodyl,  it  first 

gives  rise  to  protoxide  of  cacodyl  (/nTisvA  ^  i  ^r  *^®^  ^^  binoxide 

((CH»?A^  I  ^)  *^^  ^^^^  ^  cacodylic  acid  (^(CH^Asj  q*  ^. 

Sulphur  also  combines  directly  with  cacodyl,  giving  a  protosulphide 

hydrosulphurio  acid  is  made  to  act  on  certain  metallic  cacodylates, 

snlpho-cacodylates  (^  m\^)  *^'®  obtained. 

Cacodyl  also  unites  with  chlorine,  bromine,  and  iodine,  forming 
compounds  represented  by  the  formulad : 


(CH^AsCl 

(CH^AsBr 

(CH')«AsI 

Frutocblorlde  of 

Prutobromide  of 

Ptotiodideof 

caoodyL 

caoodyl. 

caoodyL 

With  a  great  excess  of  oxj'gen,  chlorine,  bromine,  sulphur,  etc., 
cacodyl  can  also  form  the  following  compcTunds,  which  correspond  to 
the  grouping  X'^As : 

(cn»)»As  cp 

(CH»)«A8    Br» 
(CH')«A8    P 
(CH'VAs  1  .y, 
(CH^As  f  ^' 
(CH»)»Afl  I  ^, 
(CH»)«A8f  ^ 

These  compounds,  which  are  less  stable  than  the  preceding,  easily 
return  to  the  grouping  (AsX*) ;  thus  the  terohloride,  terbromide,  and 
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» 

teriodide  of  oacodyl,  when  submitted  to  distillation,  lose  a  molecule  of 
methyl  in  the  state  of  chloride,  bromide,  or  iodide,  and  bodies  remain 
which  have  the  formulce  (CH»As,Cl*),  (CH»As,Br«),  etc.  These  are 
the  chloride,  bromide,  or  iodide  of  a  new  radicle  (CH'As),  which  is 
tetratomic  and  cannot  be  isolated. 

The  chloride  (CH»As,Cl*)  and  the  bromide  (CH»A8,Br»),  submitted 
to  the  influence  of  oxide  of  silver,  give  the  oxide  of  caoodyl  (CH'AsO), 
together  with  bromide  and  chloride  of  silver.  The  oxide  thus  formed 
IB  an  indifferent  oxide. 

Another  oxide  (CH'AsO*),  which  acts  as  a  well-marked  acid  anhydride, 
is  also  obtained.    The  acid  to  which  it  gives  rise  should  be  tetrabasic, 

and  have  the  formula  (^^'h^|o*);  ^^*  ^^J  *®  fi™*  bibasic  anhy- 
dride (^^'^JO")  is  known. 

The  arsenio-monomethyl  (As(^CH'))  can  also  unite  with  four  atoms 
of  chlorine,  bromine,  or  iodine,  giving  the  saturated  compounds 
(CH'AsCl*),  (CH'AsBr*),  (CH'AsT*). 

Oacodyl  submitted  to  the  action  of  the  iodide  of  methyl  gives  iodide 
of  cacodyl  and  iodide  of  tetramethyl-arsonium. 

Cocodjl.  Iodide  of  metbyl.  Protlodldeof  Iodide  of  tetnmetbyl- 

cacodyL  anoDlunL 

This  latter  is  resolved  by  distillation  into  iodide  of  methyl  and  tri- 
methyl-arsine. 

f=*^i-|)  -  H"})  +  (i}-) 

Iodide  of  tetramethyl-  Iodide  of  Trlmetbyl-arslne. 

araonimn.  methyL 

Trimethyl-arsine  may  be  readily  prepared  by  means  of  this  process. 
Its  hydriodate  splits  up  on  distillation  into  iodide  of  methyl  and  cacodyl. 

To  sum  up,  compounds  corresponding  to  the  ammonium  type  and 
acting  as  monatomic  radicles,  may  be  easily  obtained  from  arsenic  and 
alcohol  radicles. 

If  these  bodies  be  submitted  to  dissociating  influences,  the  alcohol 
radicle  is  separated  in  the  state  of  chloride,  bromide,  or  iodide,  and 
less  saturated  compounds  are  obtained  which  act  as  radicles  of  an 
atomicity  greater  than  one.  Such  are  arsenio-monomethyl  [(OH*)  As]'*, 
which  does  not  exist  in  the  free  state;  cacodyl  or  arsenio-dimethyl 
[(CH")*As]"' ;  triethylarsine  [(CH')»A8]",  and  tetramethyl  arsoniam 
[(Cff/As] :  as  yet  the  saturatied  compound  ((CH")*As)  has  not  been 
obtained  in  a  pure  state,  but  the  results  of  analysis  render  the  produc- 
tion of  this  body  very  probable  by  the  action  of  zinc-methyl  on  the 
iodide  of  tetramethyl  arsonium : 
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Iodide  of  tetntnietbyl-  Zfno-metbyL  Iodide  Anenio-pentametliyL 

arwnlnm.  of  itnc 

Commenoing  with  triethyl-arsine,  a  whole  serioa  of  ethyl  compounds 
have  been  prepared  resembling  the  preceding,  from  which  they  only 
differ  by  the  substitution  of  the  radicle  ethyl  for  the  radicle  methyl. 

It  18  extremely  probable  that  similar  series  could  be  obtained  with 
antimony  and  phosphorus. 


OBGAirO-HBTAIiLIC    COMPOUNDS. 

We  formerly  studied,  under  the  title  of  compound  ammonias,  bodies 
formed  by  the  combination  of  metalloids  of  the  nitrogen  class  with 
alcohol  radicles,  and  which  belong  to  the  ammonia  or  ammonium 
types. 

We  then  saw  that  arsenic,  phosphorus,  and  probably  antimony  give, 
with  alcohol  radicles,  compounds  which  do  not  belong  to  those  types. 

These  arsenical  compounds  are  intermediate  between  the  compound 
ammonias  and  the  combinations  of  the  radicles  of  alcohols  with 
elements  which  do  not  belong  to  the  nitrogen  family.  These  latter 
compounds  are  called  organo-metallic. 

Each  element  having  a  maximum  atomicity,  can  form  with  alcohol 
radicles,  a  saturated  compound  which  corresponds  to  this  atomicity. 
It  can  also  form  compounds  containing  the  alcohol  radicles  in  smaller 
proportion :  these  themselves  act  as  radicles,  and  their  atomicity  is 
equal  to  the  number  of  molecules  of  the  radicle  of  alcohol  which  must 
be  added  to  them  in  order  to  obtain  a  saturated  compound. 

As  little  can  be  added  to  these  general  remarks  on  organo-metallic 
compounds,  we  will  rapidly  pass  in  review  the  principal  among  them. 

Ethylides  of  Bismuth. — As  bismuth  is  intermediate  between  the 
metalloids  of  the  nitrogen  family  and  the  other  elements,  the  compounds 
it  forms  with  the  radicles  of  alcohols  differ  entirely  in  their  properties 
from  the  ammonias.  These  are  compound  radicles  like  the  similar 
bodies  derived  from  arsenic,  but  they  are  not  capable  of  giving  rise  to 
quaternary  ammoniums. 

Two  ethylides  of  bismuth  are  known :  bismuth  ethyl  (Bi(CTB*))  and 
bismuth  triethyl  (Bi(C*H*)").  Either  of  them  can  fix  two  atoms  of  a 
monatomic  body  or  an  equivalent  quantity  of  another  body :  they  then 
pai^s  to  tie  groupings  (BiX")  or  (BiX*), 

Methylides  of  bismuth  are  also  known  which  possess  similar  foiirmlee 
and  properties. 

The  ethylides  and  methylides  of  bismuth  are  extremely  instable. 

Etbylide,  Methylide,  and  Amylide  of  Zinc. — The  ethylide  of  zinc, 
or  zinc-ethyl,  may  be  obtained  by  heating  a  mixture  of  iodide  of  ethyl 
and  zinc  in  a  hermetically -sealed  tube  for  fifteen  or  twenty  hours  at 
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120'  or  130°.  Tbe  tube  ia  then  opened,  and  the  contents  are  distilled 
in  a  retort  into  which  a  current  of  carhonio  anhydride  is  transmitted. 
The  zino^thyl  pa§aea  over  at  118°. 

Recently,  Beilstein  has  simplified  the  preparation  of  this  body  by 
BDbstitnting  an  alloy  of  zinc  and  sodium  fur  zinc.  He  introduces  tbe 
mixture  of  iodide  of  ethyl  and  this  alloy  into  a  Sask,  io  which  a 
reMgeralar  is  adapted  in  such  a  manner  that  the  vapours  are  collected 
and  condensed  as  they  form.  The  flask  is  heated  for  two  hours  at  60° 
— 70"  in  a  watei-bath,  and  afterwards  the  contents  are  distilled  in  a 
bath  of  oil.     The  apparatus  is  reprenenttid  in  figure  51. 


The  formula  of  zinc-ethyl  is  (  Zn"  <  QraiV  It  ignites  in  the  air, 
producing  oxide  of  zinc.  Chlorine,  bromine,  and  iodine  decompose  it, 
forming  separate  chlorides,  bromides,  or  iodides  of  zinc  and  of  ethyl. 

When  oiygen  acts  slowly  on  zinc-ethyl,  it  transforms  it  into  a  crys- 
tallized product  whose  formula  is  (frwHi-\i}  0*)  :  '*  i*  ""^  ethylate  of 
zinc  corresponding  to  the  hydrate  (  m  |  O'L  the  hydrogen  of  which 
is  replaced  by  ethyl.  This  ethylate,  on  contact  with  water,  ia  trans- 
formed into  hydrate  of  zinc  and  alcohol : 

((c.^;}o-)  +  ^(S}o)  =  es'ijo-)  +  .(T[o) 

Kthylale  ot  dnc.  Wrtw.  •  n  jdrale  or  lint  Alrabol 

Water  instantly  decomposes  zinc-ethyl,  producing  hydmle  of  zinc 
and  hydride  of  ethyl : 

((c.g:;i)  +  K?l°)  -  (":!«■)  +  K<^"') 


528 


PRINCIPLES  OF  CHEMISTRY. 


Zinc-methyl  (Zn"(CIP)*)  may  be  obtained  by  a  prooess  identical 
with  the  first  which  was  described  for  the  preparation  of  zinc-ethyl, 
the  iodide  of  ethyl  being  replaced  by  the  iodide  of  methyl.  An 
ethereal  solution  of  this  latter  body  is  generally  employed.  The  pro- 
duct obtained  is  not  pure  zinc-methyl,  but  a  combination  of  zinc-methyl 
and  ether,  having  the  formula  : 


rr^iP: 


{^} «)] 


Zinc-methyl  gives  rise  to  a  series  of  double  decompositions  similar 
to  those  we  mentioned  when  speaking  of  zinc-ethyl. 

Zinc  amyl  is  obtained  by  heating  a  mixture  of  powdered  zinc  and 
mercur-amyl  in  a  closed  vessel  at  130°  during  thirty-six  hours. 


Mercar-amyl. 


+ 


Zn"       =       (Zn-jg^l) 


+ 


zinc 


ZIno-ainyL 


Hg" 


It  is  a  colourless,  limpid,  volatile  liquid,  having  an  odour  of  amyl. 

Its  density  is  1*022  at  0°.  It  boils  without  decomposing  at  220"^, 
and  is  destroyed  at  240°. 

It  oxidizes  in  the  air,  and  is  transformed  successively  into  amyl- 
amylate  and  then  into  amylate  of  zinc  : 


Zlno-amyl. 

(^■■jgi::) 

ZinoamyL 


+ 


+ 


8}  -  K^"!"^:) 

Oxjgen.  Amyl-amyUiteofdiic. 

Of      +  (^''"joC»H") 

Oxygen.  Amylate  of  zinc. 


Zinc-ethyl  and  zinc-methyl  may  also  be  prepared  by  the  same  pro- 
cess as  zinc-amyl,  that  is  to  say,  by  heating  zinc  with  mercur-ethyl  or 
mercur-methyl . 

Zinc-methyl,  zinc-ethyl,  and  zinc-amyl  are  valuable  reagents,  as 
they  enable  us  to  fix  methyl,  ethyl,  and  amyl  in  organic  molecules : 
we  have  seen  examples  of  this  in  the  preparation  of  triethyl-phosphine 
and  trimethyl-phosphine,  and  in  the  synthesis  of  amylene. 

Potassium-ethyl  and  Sodium-ethyl. — These  bodies  are  obtained  by 
leaving  mixtures  of  zinc-ethyl  and  potassium,  and  of  zinc-ethyl  and 
sodium,  for  some  time  in  hermetically-sealed  tubes.  Zinc  is  deposited, 
and  potassium  ethyl  or  sodium-ethyl  is  produced.  They  are  never 
obtained  in  an  isolated  state.  The  products  which  form  are  only  com- 
binations of  potassium-ethyl  or  sodium  ethyl  with  zinc-ethyL  These 
compounds  are  crystallizable ;  their  composition  is  represented  by  the 
formulsB : 


[(cH*) , 


(»=»"{?{!:)];  rU!)*,  ('^■■'^'^^ 
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Sodium-etbyl  and  potassium-ethyl  ignife  in  the  air.  Their  most 
remarkable  propei'ty  is  the  faculty  they  possess  of  absorbing  carbonio 
anhydride  and  giving  rise  to  an  alkaline  propionate : 

(<S.|)  +  Ko)  .  ('^(»)!o) 

Sodlnm-ethyL  Oarbonic  Proploiutte  of  soditun. 

anhydride. 

AVith  potassium  and  sodium,  methyl  gives  compounds  analogous  to 
those  furnished  by  ethyl.  By  the  direct  union  of  potassium-methyl 
with  carbonio  anhydride,  acetate  of  potassium  is  produced. 

Ethylide  and  Methylide  of  Magnesium. — Powdered  magnesium 
acts  on  the  iodides  of  ethyl  and  methyl,  producing  ethylide  and 
methylide  of  magnesium,  the  formulsB  of  which  are : 


(^'{Sh^  -^  K{ot') 


They  have  properties  analogous  to  those  of  zinc-ethyl  and  zinc-methyl. 
Ethylide  and  Methylide  of  Aluminium. — On  heating  to  130°  for 
24  hours  a  mixture  of  iodide  of  ethyl  and  aluminium,  a  liquid  is  obtained 
which  is  volatile  at  350°,  the  formula  of  which  is  (Ar(C*HO'P).  This 
body  ignites  in  the  air,  and  decomposes  water,  producing  hydrate  of 
aluminium,  hydriodic  acid,  and  probably  hydride  of  ethyl : 

(a1'(C'H»)t)  +  6(|f  o)  =  (^T\(y)  +  3(C«H')  +  3(^1) 

Iodide  of  alnmininm-  Water.  IJydrateof  Hydride  of  Hydriodic 

trietbyL  aluminium.  etbyl.  add. 

Becently,  Odling  and  Buckton  have  obtained  aluminium-ethyl  and 
aluminium-methyl  by  heating  mercur- ethyl  or  mercur-methyl,  with 
sheets  of  aluminium,  in  a  water  bath  for  several  hours.  Contrary  to 
what  might  be  expected,  these  two  bodies  present  vapour  densities 
which  give  them  the  formuhe  (A1(C*H*)')  and  (A1(CH'/)  instead  of 
(AlXCHf/)  and  (Al^CCH'/). 

Aluminium-ethyl  is  a  colourless  volatile  liquid,  which  is  not  modi- 
fied at  18^.  Exposed  to  the  air,  it  emits  opaque  fumes,  and  even  ignites 
spontaneously  if  in  a  thin  layer.  Its  vapour  density,  determined  at 
234°  by  (Jay-Luflsac's  process,  has  been  found  to  be  4'6 ;  its  theoretical 
density  according  to  the  formula  (A1(C*H*)')  being  3*9,  and  that  for 
the  formula  (Al*(C*H*)*)  being  7-8.  Water  decomposes  it  with  vio- 
lence; iodine  transforms  it  into  iodide  of  ethyl  and  iodized  derivatives. 

Aluminium-methyl  boils  at  130°  and  is  solidified  at  a  few  degrees 
above  0 ;  its  chemical  properties  are  the  same  as  those  of  aluminium- 
ethyl.  Its  vapour  density  at  240°  is  2*8,  its  theoretical  density,  accord- 
ing to  the  formula  (A1(CH*)*;,  being  2*5 ;  at  160°  its  vapour  density  is 
4*40,  which  number  approaches  the  theoretical  density  6*0  calculated 
according  to  the  formula  (A1'(CII*)').  Aluminium-methyl  therefore 
belongs  to  that  class  of  bodies  whose  vnponr  densities  are  anomalous 

2  M 
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under  oertain  conditions,  either  because  these  bodies  exist  in  two  states 
of  molecular  condensation  or  because  their  vapours  do  not  acquire  their 
perfect  elasticity  except  when  brought  to  a  much  higher  temperature 
than  the  boiling  points  of  their  liquids,  or  else  because  they  are  dis- 
sociated  above  a  certain  temperature.  It  may  therefore  be  asked, 
whether  the  only  observed  vapour  density  of  aluminio  chloride  corre- 
sponds to  the  high  density  of  aluminium-methyl,  and  whether  these 
two  vapour  densities  are  not  anomalous,  and  consequently  unfit  to  serve 
as  basis  for  determining  the  general  formulse  of  aluminic  compounds. 

Btannides  of  Ethyl  and  Methyl. — Tin  is  a  tetratoniic  body,  and  ought 
therefore  to  be  able  to  unite  at  the  maximum  with  four  atoms  of 
the  radicles  ethyl  or  methyl  to  form  saturated  compounds.  Moreover, 
it  may  be  supposed  that  tin  can  combine  with  three,  two,  or  one 
atom  of  an  alcohol  radicle,  and  thus  give  non-saturated  compounds 
acting  as  radicles  of  an  atomicity  equal  to  the  number  of  atoms  of  ethyl 
or  methyl  which  they  require  for  their  saturation. 

We  shoidd  thus  have : 

Tetrastannethyl  and  tetrastanmethyl  (/nm^n)  *^^  (cCff  V  f)'  *^^" 

stannethyl  and  tristanmethyl  (/c»H*Vi  )  *°^  (^CH"V  i  )'  ^^  monar 
tomic  radicles ; 

Distannethyl  and  distanmethy  (/ri2m\s[)  ^^^  (/TH*^*  r  ^^  ^^' 
tomic  radicles; 

Monostannethyl  and  monostanmethyl  (naasM    ^^^  (rH'i)  '  ^^ 

being  triatomio  radicles. 

With  the  exception  of  monostannethyl  and  monostanmethyl,  all 
these  compounds  are  known ;  those  among  them  which  have  an  uneven 
atomicity  correspond  when  free  to  formuli»  double  the  preceding. 

When  iodide  of  ethyl  is  heated  with  an  alloy  of  zinc  and  sodium,  in 
which  the  alkaline  metal  largely  predominates,  care  being  taken  that 
there  be  a  great  excess  of  the  alloy,  all  the  iodine  imites  with  the 
sodium,  and  three  liquids  are  obtained  which  can  be  separated  by  frac- 
tional distillation,  and  which  are : 

Tetrastannethyl  (Sn(C*H7). 

Free  tristannethyl  (g^j?!'}'.}) 

Distannethyl  (Sn(C'H*)«). 

If  iodine  be  made  to  act  on  tristannethyl,  an  oily  iodide  of  this  radicle 
is  obtained : 

TrisUnnethyl.  Iodine.  Iodide  of  trisUuinetliyL 

With  distannethyl,  iodine  produces  a  ciysfallized  biniodide,  the 
formula  of  which  is  (Sn(C*H*)*i*). 
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Tetrastannethyl,  on  the  contrary,  is  incapable  of  combining  directly 
with  iodine.  When  a  mixture  of  these  two  bodies  is  heated,  a  molecule 
of  ethyl  is  eliminated  in  the  state  of  iodide,  and  iodine  is  substituted 
for  it     The  iodide  of  tristannethyl  is  thereby  obtained : 

Tetrastaimetbyl.  Iodine.  Iodide  of  etl^L  Iodide  of  tristannethyl. 

The  iodide  of  tristannethyl,  heated  with  iodine,  again  loses  a  molecule 
of  ethyl,  for  which  an  atom  of  iodine  is  substituted,  giving  rise  to  the 
iodide  of  distannethyl : 

Iodide  of  tristannethyl.  I«idine.  Iodide  of  ethyl.  Binioldide  of 

dlHtonnethyl. 

Lastly,  this  iodide  of  distannethyl,  heated  witli  iodine,  is  transformed 
into  iodide  of  ethyl  and  iodide  of  tin  : 

r-^'ff)  +   .(li)   .    2(0^'j)  +  (s»r) 

iodide  of  di^nnithyl.  Iodine.  Iodide  of  ethyl.  Stannic 

iodide. 

Similar  results  are  obtained  with  hydrochloric  acid.  If  quantities  of 
this  acid  and  tetrastannethyl  respectively  proportional  to  their  molecular 
weights,  be  heated  together,  chloride  of  tristannethyl  and  hydride  of 
ethyl  are  obtained.  If  a  double  or  quadruple  proportion  of  hydro- 
chloric acid  be  made  to  act  on  the  tetrastannethyl,  twice  or  four  times 
the  quantity  of  ethyl  is  eliminated  in  the  state  of  hydride,  and  there 
finally  remain  chloride  of  distannethyl  and  tetrachloride  of  tin  respect- 
ively : 

(SniC'Wy)    +     g)     =     f"(<^'J^.>'|)    +    (C'H') 

retra»tjnnetbyl.  IlydrocMuric  Ctiloriile  of  Hydride  of 

acid.  triatannethyl.  ethyl. 

(Su(C'ff)')    +     2(H^})     =     i^^'^^,])    +     2((?H') 

'letraatannethyl.  Ilydrothloric  Chlurldo  of  di-  Hydride  of 

add.  etannethyl.  ttbyl. 

(Sn(CnT)    +     4(H})     =     (S°})    +     4(C-H.) 

Tetl:a^tannlthyl.  Hydmchloric  Tetrachloride  Hydride  of 

acid.  of  till.  ctbyL 

Thus  the  ethyl  contained  in  these  compounds  may  be  eliminated 
atom  by  atom,  and  replaced  by  ohloi  ine  or  iodine.  The  iodine  can  also 
be  replaced  by  ethyl,  and  the  lower  ethylated  compounds  raised  again 
to  the  saturated  ethylido.  Frankland  and  Buckton  have  found  that 
teti^astannethyl  is  formed  when  the  iodide  of  distannethyl  is  made  to 
react  on  zinc  ethyl : 
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/Sn(C«H71\ 

loditUdeofdi- 
•Unnetbyl. 


( 


Zn")\ 


(C«H 

Zlno-etbjrl. 


Zn" 

I 


|i}     +     (Sd(C*H7) 


lodfcleof 
sIdc 


TetrubmnettijL 


Cahoors  has  also  found  that  ziDC-methyl  reacts  on  the  iodide  of  tri- 
stannethyl,  giving  a  compound  which  represents  tetrastannethyl  a 
molecule  of  the  ethyl  of  which  is  replaced  hy  a  molecule  of  methyl. 

For  a  long  time,  tin  having  attributed  to  it  an  atomic  weight  the 
half  of  that  we  have  adopted,  tetrastannethyl  was  written  (Sn(C*H*)'), 
and  distannethyl  (Sn(C*H*)),  while  tristannethyl  received  the  formula 
(Sn'(C*H*)*).  The  vapour  densities  of  the  first  two  of  the^e  products 
necessitated  the  doubling  of  the  formulae;  the  well-marked  reactions  in 
which  ethyl  is  successively  replaced  by  chlorine  or  iodine,  and  the  ex- 
istence of  a  saturated  double  stannide  of  ethyl  and  methyl  containing  a 
single  atom  of  the  radicle  methyl,  dem(»nstrate  chemically  that  the 
molecular  weights  adopted  for  these  bodies  in  accordance  with  their 
vapour  densities,  are  the  real  ones.  Consequently  tin  would  always 
enter  into  these  compounds  by  two  atoms  if  the  old  atomic  weight 
were  attributed  to  it.  This  leads  us  to  double  this  weight,  because  the 
atomic  weight  of  a  body  is  the  smallest  ponderal  quantity  which  can 
enter  into  a  molecule.  The  study  of  the  stannides  of  ethyl  therefore 
confirms  the  new  atomic  weight  of  tin. 

The  iodides  of  distannethyl  and  triistanneth^'l,  treated  with  alkalies, 
give  corresponding  hydrates,  which  are  basic  and  capable  of  giving  well- 
detoi  mined  salts  when  made  to  react  with  acids : 


lodidsofdiiftaimetbyl.  Potjuvh. 


=   (S<c'n^}o')  +   2(f[) 


Hydrate  ofdUitannetbyl. 


Iodide  of 
potadsiaoj. 


/Sn(C«H7]\ 

Iodide  of  tri- 
stanuetbyl. 


(K|„)     .     (SKC.Bg.(o)    ^     K( 


Poiuh. 


Hydrate  of  triitaimetbyL 


Iodide  of 
potttBsiam. 


On  substituting  iodide  of  methyl  for  iodide  of  ethyl  in  the  above 
processes,  methylic  compounds  are  obtained  which  are  analogous  to 
the  preceding  in  their  formulas  and  properties. 

On  account  of  the  formulae  by  which  the  stannides  of  ethyl  and 
methyl  were  formerly  represented,  the  compounds  we  call  tetrastann- 
ethyl and  tetrastanmethyl  have  hitherto  been  called  distannethyl  and 
distanmethyl ;  those  we  call  tristannethyl  and  tristanmethyl  were 
called  sesquistannethyl  and  sesquistanmethyl ;  whilst  distannethyl  and 
distanmethyl  were  called  stanethyl  and  stanmcthyl. 

Plumb-ethyl  and  Flumbo-methyl. — The  ethyl ide  and  methyl ide  of 
lead  may  be  obtained  by  causing  iodide  of  ethyl  or  iodide  of  methyl  to 
react  with  an  alloy  of  lead  and  sodium,  but  these  compounds  are  more 
readily  prepared  by  causing  zinc-ethyl  or  isine-methyl  to  react  with 
chloride  of  lead. 
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The  compounds  formed  in  these  reactions  have  the  formnlsB 
(Ph(C^*)*)  and  (Pb(CH»)*).  The  reaction  which  gives  rise  to  them  is 
the  following :  • 

2[Zn(C«H7]  .rj^ . .  (rh(C*H*)0 

2(PbCl»)     +  or      '      =      2(\^X\     +     Pb     +     '     'or    '^ 

2[Zn(CH7]  ^-      '^  (Pb(Cn»)0 

Chloride  of  Zinc-ethyl,  or  Chloride  of  bIdc.  Lead.  Plumb-ethyl,  or 

lead.  slnc-metUyL  plumbo-nii  tbyL 

Plumb-ethyl  and  plumb-methyl  represent  the  limit  of  saturation  of 
plumbic  compounds,  and  therefore  they  do  not  act  as  radicles.  But  if 
these  bodies  be  heated  with  hydrochloric  aoid  or  iodine,  a  molecule  of 
ethyl  or  of  methyl  is  eliminated  in  the  state  of  hydride  or  of  iodide,  and 
bodies  arise  the  composition  of  which  is  represented  by  the  formulas 
(Pb((?H*)»l),  fPb(C^H*)»Cl),  (Pb(CH-)»I).  and  (Pb(Cn»/Cl).  llie 
reactions  by  which  these  compounds  are  produced  are  expressed  by  the 
following  equations : 

(PKCTH7)    +    5}     =     (^T})    +    (Pb(CH»)»I) 

Plomb-ethyL  Iodine.  Iodide  of  ethyl.  Iodide  of  plnmbo- 

trlethyL 

(P^Cff)*)    +    (HCl)     =     (CH*)    +    (Pb(CH»)»Cl) 

Plumbo-metliyL  Hydrochloric  Hydride  of  Chloride  of  plumbo- 

add.  metliyl.  trimeiiiyL 

The  existence  of  plumb-ethyl  and  of  plumbo-methyl  has  already  been 
used  to  demonstrate  the  tetratomicity  of  lead. 

XSthyllde  and  Metbylide  of  Mercury.  —  With  alcohol  radicles 
mercury  forms  compounds  of  two  orders ;  with  ethyl  or  methyl  we 

have: 

Mercurous  methyl  Hg"(CBP) ;  mercurous-ethyl  Hg"(C^»). 

Mercuric  methyl  Hg"(CH")» ;  mercuric  ethyl  Hg"(C*H*)*. 

When  the  iodides  of  ethyl  or  of  methyl  are  made  to  act  on  mercury, 
products  are  formed  which  are  represented  by  the  formulsB  (Hg(C'H*)I) 
and  (Hg(Cn')I).  These  compounds  are  regarded  as  the  iodides  of 
special  monatomic  radicles,  mercurous  ethyl  Hg"(C*H*)  and  mercurous 
methyl  ng"(ClI').  These  radicles  do  not  exist  in  a  free  state.  It  is 
very  evident  that,  if  they  could  be  isolated,  their  molecules  would  be 

f  Hff'Yr*H*M)  "^^  (jj5//nH8\[).aflradiclesof  unevenatomicityoannot 

become  free  without  combining  with  themselves. 

Chlorine,  bromine,  cj^anogen,  and  even  the  group  HO  may  be  sub- 
stituted for  iodine  in  the  iodides  of  mercurous  ethyl  or.  mercurous 
methyl.  In  the  last-mentioned  case,  hydrates  are  obtained  which  react 
with  acids  and  give  rise  to  salts. 

If  zino-ethyl  or  zino-methyl  be  made  to  react  with  the  iodides  of 
mercurous  ethyl  or  mercurous  methyl,  either  the  mercuric  ethyl,  or  the 
mercuric  methyl,  or  the  mercuric  methylethyl  are  obtained ; 
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2[Hg"(C«H')I]     +    (Zn"((?H')')     =     ^"Q    +    2[Hg"((?H»)«] 


Jodide  of  mercurouB 
ethyl. 


Zinc-eihyL 


Iodide 
of  sine. 


4ierciulc  ethyL 


2[Hg"(CH^I]      +     (Zn"(CH»)')     =     ^"p|     +     2[Hg"(CH')*] 


Iodide  of  mercnnnui- 
methyL 


Zfnc-metbyl. 


lodfde 
of  xinCi 


Mercuric  metbyL 


2[Hg"(CH»)I]     +     (Zn"(CH7)     =     ^"pl    +    2[Hg"(C?H'XCH')T 


Iodide  of  merxinroaf- 
ethyL 


Zino-methyL 


Iodide 
of  bIdc 


Mercurio-methyl-efliyL 


With  smyl  and  allyl  mercury  forms  oonesponding  compounds  which 
possess  analogous  properties,  and  are  represented  hy  corresponding 
formulas. 

MeFsrs.  Frankland  and  Duppa  have  recently  succeeded  in  preparing 
mercuric  ethyl,  mercuric  methyl,  and  mercuric  amj'l  in  a  much  more 
simple  manner.  They  heat  a  mixture  of  sodium  amalgam,  iodide  of 
methyl,  ethyl,  or  amyl,  and:  acetic  ether.  This  latter  merely  acts  hy 
catalysis.  The  heat  is  continued  to  distillation,  the  product  is  washed 
first  with  an  alkaline  solution  and  then  with  water,  dried,  and  again 
rectified.  In  the  ease  of  mercuric  amyl,  it  must  be  distilled  in  a 
cuirent  of  aqueous  vapour  or  the  body  will  decompose. 

The  compounds  of  mercury  with  an  alcohol  radicle  have  this 
property,  that  when  heated  with  zino;  cadmium,  or  even  aluminium, 
the  mercury  is  displaced  by  these  metala  They  therefore  furnish  a 
very  simple  method  of  obtaining  the  orgauo-metallic  compounds  of  zinc, 
cadmium  or  aluminium. 

We  have  already  pointed  out  what  support  the  organo-metallic  com- 
pounds of  mercury  give  to  the  atomic  weight  used  for  this  metal. 

Silicides  of  Ethyl  and  Methyl. — Friedel  and  Cmfts  have  obtained 
silicon-ethyl  by  heating  for  three  hbui*s  at  160'^,  in  an  hermetically- 
sealed  tube,  a  mixture  of  chloride  of  silicon  and  zinc-ethyl,  containing 
two  molecules  o£  the  seoond  of  these  bodies  for  each  molecule  of  the 
first. 

When  the  tube  is  opened  the  gas  is  allowed  to  escape,  and  the  pro- 
duct is  distilled.  What  passes  over  below  130°  contains  silicon-ethyl 
mixed  with  unaltered  chloride  of  silicon^  and  is  placed  aside  to  be 
afterwards  heated  with  zinc-ethyl  in  a  fresh  operation. 

That  which  remains  in.  the  retort  after  the  temperature  has  reached 
130°,  is  washed^  first  with- water  and  then  with  an  alkaline  solution,  in 
order  to  decompose  the  last  traces  of  silicic  cihloride.  It  is  then  dis- 
tilled with  water,  and  the  water  which  passes  over  with  it  is  decanted. 

The  silicon-ethyl  thus  obtained  still  contains  some  traces  of  an 
oxygenized  product,  which  is  removed  by  agitating  the  liquid  several 
times  with  concentmted  sulphuric  acid,  in  which  silicon-ethyl  is  in* 
soluble  while  the  impurity  is  dissolved.     Lastly,  the  product  insoluble 
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in  sulpburio  acid  is  washed  with  water,  dried  by  chloride  of  calciam, 
and  distilled.     It  is  then  perfectly  pure. 

(1C*H*\ 
Si*'<p2rT5 1  boils  at  153°;  its  vapour  density  has  been 
Ic^HV 
found  to  be  5' 13  (theoretically  =  4  •99).  It  is  insoluble  in  water, 
alkaline  solutions,  concentrated  sulphuric  acid,  nitric  acid,  and  the 
acids  in  general.  It  is  lighter  than  water,  and  bums  with  a  very 
bright  flame,  emitting  white  vapours  of  silica. 

Submitted  to  the  action  of  chlorine,  silicon-ethyl  exchanges  an  atom 
of  hydrogen  for  that  metalloid,  and  gives  a  compound  (C*SiH''Cl) 
which  represents  chloride  of  nonyl  (C'H"C1),  in  which  an  atom  of 
silicon  takes  the  place  of  an  atom  of  carbon : 

(^Si(C»H7)     +     g}|     =     Jj|     +     (Si(7H"Cl) 

Sflicon-ethyl.  Chlorine.       Hydrochloric  Chloride  of  sllloo- 

Add.  nonyL 

On  treating  this  chloride  with  acetate  of  potassium  dissolved  in  alco  - 
hoi,  MM.  Fi-iedel  and  Crafts  have  succeeded  in  replacing  the  chlorine 
by  oxaoetyl,  and  have  obtained  an  acetic  ether,  which,  when  saponified 
by  means  of  an  alcoholic  solution  of  potash,  has  furnished  silico-nonylic 

alcohol  (         H  I  ^  )* 

Chloride  of  Acetate  of  Chloride  of  Acetate  of  slllco- 

silioo-nonyL  potnaslnm.  pota^um.  nonyl. 

Acetate  of  flUico-  Hydraleof  Acetate  of  SIHco-nonylic 

nonyl.  potaariam.  potassinin.  aloohoU 


Silicon-methyl  I  S 


GTP\ 

pTTs  I  has  been  prepared  by  the  same  chemists, 

cwl 

by  an  analogous  method.  They  first  heated  zinc  with  iodide  of  methyl 
to  120°  for  several  days,  allowing  the  gases  to  escape  occasionally, 
and  then  distilled.  The  product,  which  was  a  mixture  of  iodide  of 
methyl  and  zinc-methyl,  was  placed  in  an  hermetically-sealed  tube 
with  zinc  and  chloride  of  silicon.  The  object  of  the  zinc  is  to  transform 
the  remainder  of  the  iodide  of  methyl  into  zinc-methyl,  to  effect  which 
the  tube  must  first  be  heated  to  120°  for  twelve  hours ;  afterwards  it 
must  be  heated  to  200°  for  ten  hours  to  produce  the  reaction  of  the 
zinc-methyl  with  the  chloride  of  silicon.  The  contents  of  the  tube  are 
distilled,  and  the  product  condensed  by  a  mixture  of  ice  and  salt, 
washed  with  an  aqueous  solution  of  potash  to  decompose  the  silicic 
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chloride  or  the  unattacked  ziuo-methyl.     Finally,  the  silicon-metliyl  is 
submitted  to  distillation. 

It  is  a  liquid  volatile  at  30  —  31%  burning  with  a  bright  flame  and 
emitting  vapours  of  silica.  Its  vapour  density  determined  by  experi- 
ment is  3*058 ;  theoretically^  3*045. 


OXYGENATED  RADICLES. 

Experience  demonstrates  tliat  in  hydrocarbon  radicles  O  may  be 
substituted  for  H'  as  often  as  there  are  uon-saturatod  atoms  of  carbon 

united  to  EP  in  these  radicles.     Thus  in  ethyl  <  ^tt9    the  substitution 


twice.    In.  the  hypothetical  radicle  I C  < 


(CH*  [CH* 

may  take  place  once ;   in  ethylene  <  ^m  twice ;    in  glyceryl  <^  CH 

cm 

CH*l 

(iris  I  the  substitution  would 

CHV 

be  possible  four  times,  and  so  on. 

The  oxygenated  radicles  thus  produced  give  rise  to  a  series  of  bodies 
parallel  to  that  furnished  by  the  hydrocarbon  radicles  whence  they  are 
derived.  But,  as  they  are  electro-negative,  they  form  acids  when  they 
combine  with  hydroxyl ;  hence  they  are  called  acid  radicles. 

Very  few  acid  radicles  are  known  in  the  isolated  state,  and  it  is  not 
certain  that  the  small  number  of  bodies  described  as  such,  really  have 
the  constitution  attributed  te  them. 

The  isolated  acid  radicles  which  have  been  described  are :  benzoyl 

c'H"op  ^^™*»yi  c"H"0|'  ^^  ^^*y^i  g*wo\' 

These  bodies  may  be  obtained  either  by  causing  sodium  amalgam 
to  act  on  their  chlorides  : 

GhloTldeoflnityTyL  Sodium.  Chloride  of.  ButyiyL 

Bodlrnn. 

or  by  the  action  of  their  chloridbs  on  a  compound  of  the  same  radicle 
with' an  alkaline  metal : 

[     G\\)   +   V      k[J    =    ycm^l)   +   Clf 

Cblorldeof  BenaotUdeof  FreebeDSoyL  Chloride 

benaoyL  potaMlton.  of  potaasiiim. 

The  compounds  of  an  alkaline  metal  with  an  acid  radicle,  of  which 
we  speak,  are  produced  when  an  aldehyd  is  treated  with  a  metal  of  this 
class: 
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Bobzoic  aldebyd.  PotaaBium.       Hydrogen.  Bemoilldeof 

potaasliim. 

Properties. — ^The  properties  of  these  bodies  have  as  yet  been  very 
little  studied ;  it  is  only  known  that,  under  the  influence  of  caustic 
potash  and  heat,  cuminyl  gives  cumiuic  acid  and  hydride  of  cuminyl : 

(g:i"g()  +  (1)0)-  r""i )  o)  +  (""='2  \) 

GumlnyL  Potash.  Cominateof  Hydride  of 

potassium.  comlnyL 

No  acid  radicle  having  an  atomicity  greater  than  unity  is  known  in 
the  free  state. 


OUQANIC  ACIDS. 

Organic  acids  are  hydrates  of  oxygenated  radicles.  They  may 
contain  different  quantities  of  typical  hydrogen,  hence  they  are  natu- 
rally divided  into  mono,  bi,  tri, . .  .  n  atomic. 

Their  atoms  of  typical  hydrogen  may,  under  the  influence  of  power- 
ful bases,  be  replaced  by  metals.  This  property  constitutes  the  basicity 
of  these  acids.  Their  basicity  is  not  always  equal  to  their  atomicity, 
for  while  it  is  evident  that  a  monatomic  acid  must  always  be  mono- 
basic, biatomic  acids  may  be  either  mono-  or  bi-basic,  triatomic  acids, 
mono,  bi,  or  tri-basic,  and  so  on. 


MONATOMIC  ACIDS. 

These  acids  are  derived  from  alcohols  of  the  same  atomicity  by  the 
substitution  of  O  for  H',  and  they  therefore  all  contain  two  atoms  of 
oxygen.  To  each  series  of  hydrocarbides  there  corresponds  a  series  of 
alcohols,  and  to  each  of  these  also  there  corresponds  a  series  of  mona- 
tomic acids.     Thus  we  have : 

Htdrocabbideb. 

C*H*^    C-H**      C"H»*-»     C'BP"-*     C*H*^        C-H»^  ...    etc. 

Alcohols. 
C-H^+«0  C-H*0    C-IP'-'O    C-H*-*0     C«H^O     C-H»-«0.    .    etc. 

Agu)S. 
C-BPO«  C*H*-*0«  C*H*-^  O'H'-^O"  0*H*-O"    C"H*-»*0* .    etc. 

The  most  numerous  and  best  known  of  these  acids  are  those  which 
belong  to  the  series  C-Hn)»,  C«H*-K)",  C-H'-K)'  and  C**H-"0« :  only  a 
few  of  the  constituents  of  the  other  series  are  known. 
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The  acids  of  the  series  C'H*0*  and  C'H**"*©'  having  a  great  number 
of  charaoters  in  common,  we  will  consider  them  tc^ther,  and  point 
out  the  particularities  observed  in  each  of  these  series. 

The  acids  of  the  series  C"H*-K)"  and  C-H*^*°0«  diflTer  too  much  from 
the  others  in  their  constitution  and  properties  to  be  included  with 
them,  and  will  therefore  be  studied  separately. 


ACIDS  BEIiONOXNG  TO  THE  SEBTESS  C"H*0»  and  C-H*-^)^ 

pREPARA-TiON. — Ftrsl  Process. — An  alcohol  is  treated,  in  contact  with 
air,  by  platinum  black  or  by  any  other  oxidant ;  water  and  the  corre- 
sponding acid  are  produced : 


+  8}  =  Kh}»)  + 


Oxygen. 


Water. 


Second  Process, — Aldehyds  are  oxidized;  they  fix  an  atom  of  oxygen, 
and  are  transformed  into  acids  : 


8} 


Aoetlc  alddiyd. 


Oxygen. 


Third  Process. — Carbonic  anhydride  is  made  to  act  on  a  compound  of 
potassium  with  an  alcohol  radicle : 


C 
C 


rH 
H 
H 

H 
fl 

K 

Potaflslam 
ethyU 


S     + 


CO" 


Carbonic 
aohydride. 


H 
H 
H 

H 
H 
CO«K 

Propionate  of 
potaiisiam. 


8i 


This  process  is  not  so  general  as  the  two  preceding,  on  account  of 
the  difficulty  of  uniting  potassium  or  sodium  with  the  different  alcohol 
radicles.    Acetic  and  propionic  acids  are  prepared  by  it. 

Fourth  Process. — In  the  aromatic  series,  E^ku16  has  succeeded  in 
preparing  benzoic  acid  and  its  homologues  synthetically,  by  causing 
sodium  and  carbonic  anhydride  to  act  simultaneously  on  the  mono- 
brominated  fundamental  hydrocarbides  of  the  lower  series  (benzine, 
toluene,  etc.). 
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(cH'Br)      +      ^l]    +    (C0«) 

Monobromlnatcd  Sodium.  Carbonic 

benzine.  anhydride. 

"  m-  [(^.5n.})  =  r^. !  o)] 

V    ■  y  f 

Bromide  of  sodimn.  Benzoate  of  sodium. 

This  method,  though  differing  in  form  from  the  preceding  one,  is 
really  the  same,  slightly  modified. 

Fifth  Process. — A  solution  of  potash  in  alcohol  is  heated  with  the 
cyanide  of  a  radicle  of  alcohol;  ammonia  is  set  free,  and  there  is  pro- 
duced a  salt  of  the  acid  which  corresponds  to  the  higher  homologue  of 
the  alcohol,  the  hydrocyanic  ether  of  which  was  employed : 

Ex.    (««')  =  (C?H""N)    +    (1 }  O)    +    (g }  O) 

Cyanide  or  methyL  Potash.  Water. 

.     («™}o)    +    (kh.) 

Acetate  of  potassium.  Ammonia. 

It  will  bo  seen  that  the  cyanide  of  methyl,  derived  from  methylio 
alcohol  (CH*0),  gives  acetic  acid,  which  is  derived  from  etbylic 
alcohol  (C^H'O),  the  next  higher  homologue  of  the  methylio  alcohoL 

This  process  is  general ;  but  Cannizzaro  states  that  in  the  aromatic 
series,  that  is  to  say,  in  the  series  in  which  the  hydrocarbides  have 
the  formula  C"H*""*,  the  acids  obtained  by  means  of  the  cyanides 
do  not  constitute  the  true  homologues  of  those  derived  from  the  same 
alcohol  as  the  cyanide  employed,  but  that  they  are  simply  isomers  of 
these  latter. 

Thus  benzoic  alcohol  (C^HK))  corresponds  to  benzoic  acid  (CTH'O*) ; 
with  the  hydrocyanic  ether  of  this  alcohol  an  acid  is  obtained,  the 
formula  of  which  is  (C^H'^C)  ;  and  this  formula  appears  to  be  homolo- 
gous with  benzoic  acid,  but  in  reality  it  is  only  an  isomer  of  the  true 
homologue,  which  is  known,  and  which  possesses  different  properties. 

E^kul^  thus  explains  this  isomerism :  as  has  been  already  said,  benzine, 
according  to  this  chemist,  is  formed  of  six  atoms  of  carbon  united  to 
each  other  on  one  side  by  one,  and  on  the  other  by  two  atomicities,  so 
as  to  form  an  hexatomic  group,  which  is  saturated  by  hydn^n. 

If  methyl,  ethyl,  or  amyl  be  substituted  for  one  or  more  atoms  of 
hydrogen  of  the  benzine,  homologues  of  this  body  are  obtained.  With 
the  exception  of  toluene  which  contains  a  single  methyl  group,  all  the 
homologues  of  benzine  can  present  cases  of  isomerism  which  should 
be  reproduced  in  the  acids  and  alcohols  derived  from  these  hydro- 
carbides.  Thus  two  isomers  (actually  known)  [C*H*(C*H*)]  and 
[C*H*(CH*)?]  may  be  supposed  for  xylene,  and  these  should  therefore 
give  rise  to  two  isomeric  acids  and  to  two  isomeric  alcohols. 
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Kokule,  admitting,  as  will  be  seen  presently  (gee  Phenols),  that  in 
the  aromatic  alcohols  the  hydroxyl  substituted  for  HJs  found  in  one  of 
the  methyl  and  ethyl  groups,  the  two  alcohols  which  corre8|>ond  to 
the  two  above  hydrocarbides  should  therefore  be 

[C«H*(CTE[^H)]        and        [C*H*(CH")(CH«OH)] 

Let  us  now  suppose  that  the  second  of  these  alcohols  is  oxidized. 
O  would  be  substituted  for  H',  and  there  would  arise  an  acid 
[C^XCH«)(CO,OH)].  If  the  other  were  oxidized,  an  acid  would  be 
obtained  which  would  be  isomeric  with  the  preceding,  and  would 
correspond  to  the  formula : 

This  acid  would  be  the  same  as  is  obtained  by  the  action  of  potash 
on  the  cyanide  of  benzyl.  When  the  cyanide  of  benzyl  is  prepared 
by  means  of  toluene  [C^*(CH")],  CN  is  substituted  for  H  in  the  methyl 
group,  the  cyanide  of  benzyl  is  therefore  [C^"(CH*,CN)]. 

As  the  transformation  of  the  alcoholic  cyanides  into  acids  consists 
in  the  substitution  of  the  group  (CH)  for  nitrogen,  the  acid  prepared 
from  the  cyanide  of  benzyl  is 

[C«H»(CH«CO'H)] 

The  following  figures  show  this  isomerism  of  the  acids  obtained  from 
the  cyanides  of  aromatic  alcohols,  with  those  prepared  by  other 
methods. 
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This  laet  figure  clearly  shows  that  the  hydration  of  cyanide  of 
benzyl  ought  to  furnish  alphatoluic  acid  and  not  Noad's  toluic  acid. 

Sixth  Process. — Monatomic  acids  may  be  prepared  by  treating  the 
chloride  of  their  radicle  with  water  ;  hydrochloric  acid  is  produced  at 
the  same  time. 


Chloritle  of  acetyL 


+ 


WaUr. 


n 

ci 


} 


+ 


Hytlrociiloric 
acid. 


Aa  tic  add. 


This  process  has  become  interesting  since  M.  Hamitz-Harniizky 
has  obtained  the  chlorides  of  benzoyl,  acetyl,  and  caproyl,  synthe- 
tically, by  causing  the  oxychloride  of  carbon  to  act  on  benzine  in 
vapour,  marsh  gas,  and  hydride  of  amyl : 
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(  C'W  ) 


Benxine. 
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H) 
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Ozychlorlde  of 
carbon. 


HTdrochlorlc 
acid. 


(CH.)       +(0'{|)       = 


ManhgM. 


(^C^") 


Hydride  of 
amjL 


OxjchlorUe  of 
carbon. 
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add. 
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diloride  of  caprojL 


All  the  preceding  processes  are,  or  may  become  general,  lliose 
which  follow  are  only  suooeasful  in  certain  series. 

Seventh  Process, — Caustic  potash  is  caused  to  act  on  bodies  which  are 
capable  of  combining  directly  with  it  under  the  influence  of  a  more  or 
less  elevated  temperature.  Potassic  salts  are  formed,  from  which  the 
free  acid  is  prepared. 

Only  two  examples  of  this  mode  of  forming  acids  are  known  :  that 
of  formic  acid,  which  is  procured  by  means  of  the  oxide  of  carlwn,  and 
that  of  campholio  acid,  which  is  formed  by  means  of  camphor  : 


(kho) 

Potuab. 


(CO)      . 


Oxide  Qf 
carboiL 


('kho)    +     (c^iP'o)     = 


Pota»h. 


Camphor. 


Formiato  of 
potassium. 

(«" H--0  ^  0) 

Potassic  campholate. 


Eighth  Process. — Certain  acids  are  capable  of  fixing  hydrogen  and 
giving  rise  to  acids  more  hydrogenized  than  themselves.  It  is  thus 
that  acids  of  the  series  C"H*"~K)*  are  transformed  into  fatty  acids 
C*H*"0*,  and  that  Kolbe  has  succeeded  in  transforming  benzoic  acid 
(C'H^O*)  into  hydro-benzoic  acid  (C«H"0"). 

It  is  possible,  instead  of  fixing  hydrogen  on  acids  directly,  first  to 
fix  bromine,  for  which  hydrogen  is  afterwards  substituted.  By  this 
method,  cinnamic  acid  (C**H"0*)  has  been  transformed  into  a  new 
acid  corresponding  to  the  formula  (C'ff  °0').  This  new  acid  has  also 
recently  been  produced  by  the  direct  action  of  nascent  hydrogen  on 
cinnamic  acid. 

Ninth  Process, — Certain  aromatic  acids  are  obtained  by  the  oxida* 
tion  of  certain  hydrocarbides ;  it  is  remai'ked  that  in  this  case  the 
hydrogen  loses  one  of  its  lateral  chains  for  which  the  group  (CO"H)  is 
substituted.  W  hen  it  only  contains  one  of  these  chains,  it  only  fur- 
nishes a  monatomic  acid,  but  when  it  contains  several,  each  of  them 


MONATOMIO  ACIDS. 


643 


may  be  snccessively  exchanged  for  (CO*H),  and  bi,  tri,  etc.,  atomic 
acids  are  the  resnlts. 

Tenth  Process. — Fiunkland  and  Ihippa  have  discovered  a  reaction 
which  enables  acetic  acid  to  be  transformed  directly  into  its  higher 
homologues.  This  is  done  by  causing  sodium  to  act  on  the  acetate  of 
ethyl.  Sodium  is  substituted  for  one  or  two  atoms  of  hydrogen  in  the 
radicle  acetyl.  Then,  on  causing  the  iodide  of  methyl  or  of  ethyl  to 
act  on  the  mono-  or  bi-sodic  product  thus  prepared,  a  sodic  iodide  and  the 
ethylic  ethers  of  the  different  homologues  of  acetic  acid  are  obtained. 
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In  these  reactions,  acids  of  the  same  composition  arise  when  disoda- 
cetic  ether  is  treated  by  iodide  of  methyl,  or  the  monosodacetic  ether 
by  iodide  of  ethyL  It  is  probable  that  these  acids  are  isomers,  and  not 
identical,  but  this  interesting  question  has  not  yet  been  decided. 

Hitherto  this  tenth  method  has  been  limited  to  the  preparation  of 
the  acids  which  can  be  deiived  from  acetic  acid.  There  is,  however, 
reason  to  suppose  that  it  will  become  general. 

Propertibs. — Ist.  When  one  of  these  acids  is  heated  to  redness  with 
an  excess  of  a  base,  it  tends  to  form  the  hydride  of  the  alcohol  one 
term  lower  in  the  homologous  series.     Thus  from  acetic  acid  (CH^O*), 
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hydride  of  methyl  (CH*)  is  obtained ;  from  benzoic  acid   (CTH'O*), 
benzine  (C*H*),  etc. 

(C«H*0«)     =     (C0«)     +     (CH*) 

AoeC;c  add.  Carbonfc  Hydride  of 

aohydride.  metfayL 

This  character  is  clearly  observed  in  the  aromatic  scries  and  in 
acetic  acid.  In  the  case  of  the  other  acids,  secondary  reactions  are 
produced  between  the  carbonic  anhydride  and  the  hydrocarbide  («ee 
Hydrocarbides),  bnt  the  reaction  remains  essentially  the  same. 

2nd.  When  an  intimate  mixture  of  a  calcinm  salt  of  one  of  these  acids 
and  formiate  of  calcium  is  distilled,  calcic  carbonate  is  obtained  and  a 
compound  which  diflfers  from  the  original  acid  by  an  atom  of  oxygen 
less,  and  which  is  called  aldehyd. 


Acetate  of  Galciam. 


Formiate  of  calcinm. 


Carbonate  of 
calcium. 


Aldehyd. 


3rd.  When  a  calcic  or  baric  salt  of  one  of  these  acids  is  distilled, 
a  reaction  analogous  to  the  preceding  takes  place ;  carbonate  of  calcium 
or  of  barium  is  formed,  and  a  body  which  represents  a  double  molecule 
of  the  original  acid,  deprived  of  a  molecule  of  carbonic  anhydride. 
This  new  body  is  called  acetone. 


Acetate  of  calciom. 


Carbonate  of  calcium. 


Aoftone. 


4th.  Chlorine  and  bromine  may  be  substituted,  atom  for  atom,  for 
part  of  the  hydrogen  of  these  acids;  but  there  always  remains  one 
atom  of  hydrogen  for  which  these  metalloids  cannot  be  substituted. 
This  substitutive  action  of  chlorine  and  bromine  sometimes  occurs  in 
the  cold,  but  often  it  requires  the  action  of  heat ;  it  occasionally  takes 
place  in  diffused  light,  but  sometimes  requires  the  intervention  of  solar 
radiation. 

lliese  substitutions  may  be  represented  by  the  following  equations : 


(cm*(y) 


Aocticadd 


+     5j:f     =     (CWBrO»)      + 


Br 
Br 

Bromine. 


H) 
Bif 


Monobromaoetic 
add. 


Hydrobromie 
acid. 


(C*H«0«)     +     2(g|)     =     2(g.l)     +     (c^H'Br'c) 


Butyric  add. 


Brumlue. 


Hydrol>Tomic 
acid. 


Blbromobatyrlc 
add. 


In  the  aromatic  series,  the  brominated  derivatives  may  be  obtained 
by  submitting  the  argentic  salts  of  these  acids  to  the  action  of  bromine 
in  vapour.  It  is  difficult  to  account  for  this  reaction.  Bromine  holds 
quite  a  different  place  in  brominated  acids  to  that  held  by  silver  in  the 
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argentic  salt.  The  only  plausible  explanation  of  this  is  that  the  reaction 
takes  place  in  two  stages  :  in  the  first  hydrobromio  acid  and  an  argentic 
salt  of  the  brominated  acid  would  be  produced ;  in  the  second  the 
hydrobromic  acid  would  react  on  the  argentic  salt  and  give  rise  to 
bromide  of  silver,  setting  free  the  brominated  organic  acid : 

Camlnate  of  stiver.  Bromine.       Hydrobromio  Bromocaminateofailver. 

add. 

Bromocuminaie  of  silver.         Hydrobromio       \  Bromide  Bromocuminlc  acid. 

add.  or  sliver. 

Iodine  may  also  be  substituted  for  the  hydrogen  of  monatomic  acids, 
by  heating  th  e  corresponding  brominated  compounds  with  iodide  of 
potassium: 


r^]  o) 

*^}  - 

CTS}  0) 

+  f.! 

Bromaoetic  ether. 

Iodide  of 

lodaoetic  etlier. 

Bromide  of 

potassium. 

potawiam. 

But  K^kul6  has  shown  that  such  a  substitution  cannot  take  place 
directly.  Hydriodic  acid,  in  presence  of  iodized  compounds,  gives  free 
iodine  and  re-forms  the  body  whence  the  iodized  compound  was 
derived,  llius,  as  iodine  could  not  give  rise  to  a  product  of  substitu- 
tion without  at  the  same  time  causing  the  production  of  hydriodic  acid, 
a  second  reaction,  the  inverse  'of  the  first,  would  take  place,  and  the 
bodies  would  return  to  their  original  state. 

5th.  When  chlorinated  or  brominated  acids  are  boiled  with  water  and 
oxide  of  silver,  the  chlorine  or  bromine  is  separated  in  combination 
with  silver,  and  each  atom  of  these  metalloids  is  replaced  by  the  group 
HO.  The  new  acids  which  are  formed  differ  from  the  original  acids  by 
a  number  of  atoms  of  oxygen  equal  to  that  of  the  atoms  of  chlorine  or 
bromine  these  contained  : 

Ex.     2(C«H»Bi-02)    +    (Ag*0)    +    (H^O)    =    2(AgBr)   +  2((?H*0») 

Bromacetic  acid.  Oxide  of  Water.  Bromide  of  GlycoUc  add. 

silver.  silver. 

(C*H*Br'0»)     +     (Ag^)    +    (H"0)     =     2(AgBr)     +     (C*H«0^) 

Bibromo-bntyric  add.  Oxide  of  Wator.  Bromide  of  Biooxybotyric 

silver.  silver.  add. 

It  will  be  seen  that  glycolic  acid  (C^H*0')  differs  from  acetic  acid 
((?R*(y)  hy  an  additional  atom  of  oxygen,  and  that  binoxybutyric  acid 
(C*H'0*)  differs  from  butyric  acid  (C*H"0')  by  +  O*.  Trichloracetic 
and  bichloracetic  acids  are  not  sufficiently  stable  to  undergo  these  re- 
actions, their  molecule  being  entirely  -destroj^ed.  In  the  aromatic 
series,  the  brominated  derivatives  of  monatomic  acids,  at  present  known, 
do  not-exchange  Br  for  Oil  under  the  influence  of  moist  oxide  of  silver. 

2  N 
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This  substitution  can  only  be  effected  by  the  action  of  fused  potasb, 
under  the  influence  of  which  bromobenzoic  acid  is  converted  into 
salicylic  acid. 

6th.  Monochlorinated  or  monobrominated  acids,  when  submitted  to 
the  action  of  an  alcoholic  solution  of  ammonia,  give  rise  to  chloride  or 
bromide  of  ammonium,  lliere  is  formed  at  the  same  time  a  monamide 
of  the  acid,  which  contains  an  atom  more  of  oxygen  than  the  original 
acid  of  the  chlorinated  or  brominated  derivative. 

Thus  monochloracetic  acid  gives  a  glycolic  monamide  known  as 
glycocoll ;  the  bromobutyric  acid,  an  oxy butyric  monamide,  etc. : 


(CH'CIO')    +     2(Nn')     = 

=     (NH^Cl)     + 

(C^H»NO») 

Cbioraoetic  acid.                 Aninionia. 

Chloride  of 
ammoRimn. 

(iljOSKOU. 

7th.  Alcohols  do  not  react  in  the  cold  on  the  monatomic  acids  of  these 
series,  but  if  heated  with  these  bodies,  water  ib  eliminated  and  a  com- 
pound ether  is  formed.  It  has  been  seen  when  speaking  of  the  alcoholn, 
that,  whatever  may  be  the  respective  quantities  of  acid  and  alcohol 
employed,  there  always  remains  a  part  of  each  of  these  bodies  in  the 
free  state. 

8th.  The  chlorides,  bromides,  oxychlorides,  and  oxybromides  of 
phosphorus  act  on  the  acids  of  this  group  and  on  their  salts.  The 
radicle  of  the  acid  passes  to  the  state  of  chloride  or  bromide.  If  the 
terchloride  or  terbromide  be  used,  the  phosphorus  is  converted  into 
phosphorous  acid ;  if,  on  the  contrary,  the  pentachloride,  pentabromide, 
oxycbloride,  or  oxybromide  be  employed,  the  phosphorus  passes  to  the 
state  of  phosphoric  acid.  With  the  perchloride  or  perbromide,  oxy- 
cbloride or  oxybromide  is  first  produced,  and  afterwards  decomposed  : 

(c^'o*)  +  (pci»)   =   (Pci'O)  +  (^'^a})  +  S} 


Benzoic  acid. 


Perchltirlde 
of  phospbonis. 


Oxycbloride 
of  phoe^oma. 


Chloride  of 
beiuoyL 


nydro- 
dilaricacid. 


aCCHW)     +     (PCl'O)     =     (PH»0*)     +     3('^'^^|) 


Benzoic  acid. 


Oxycbloride 
of  phosphoruflL 


Phoephoric 
add. 


Chloride  of 
benzoyl. 


accH'O')    +   (PCI')    =    (PffO")   +   3^^^'*^}) 


Acetic  acid. 


Terchloride 
of  pbosphoruB. 


PhoepYioroaa 
acid. 


Chloride  of 
acetyl. 


9th.  These  chlorides  of  acid  radicles  when  placed  in  contact  with 
water  are  decomposed  and  produce  hydrobromic  acid  and  the  oxygen- 
ized acid  the  radicle  of  which  they  contain  : 


Chloride  of 
valeryl. 


+      H»0 


Water. 


Hydrochloric 
acid. 


Valeric  add. 
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10th.  With  alcohols  these  acid  chlorides  form  hydrochloric  acid 
and  a  compound  ether : 


r^ }) 

+ 

(Tl  o) 

+  g) 

Chloride  of 
benzoyL 

Aloobol. 

Benzoateofetbyl. 

Hydrochloric 
add. 

11th.  When  heated  with  perchloride  df  phosphorus  for  several  days 
to  200^  in  hermetically-sealed  tubes,  these  chlorides  undergo  double 
decomposition :  oxychloride  of  phosphorus  is  formed,  and  a  compound 
which  contains  three  atoms  of  chlorine,  and  which  represents  the  ter- 
chlorinated  derivative  of  the  fundamental  hydrocai^bide  of  the  series  : 

(^'^Cl})      +      (^^^")       =       (PCTO)       +       (C*ffCl») 

Chloride  of  Perchloride  Oxychloride 

batyryU  of  phosphorus.  of  phosphorus. 

The  body  (C^IFOP)  is  isomeric,  and  perhaps  identical  with  the  ter- 
chlorinated  derivative  of  the  fundamental  hydrocarbide  of  the  butyric 
series  (G*W). 

12th.  These  chlorides  react  energetically  with  ammoniacal  gas, 
chloride  of  ammonium  is  produced,  and  the  amide  corresponding  to 
the  acid  the  radicle  of  which  was  contctined  in  the  chloride  em- 
ployed : 


( 


C'H»0  )\ 


^\^n      +       2(NH'')      .=       (Nn«Cl)      +      ((?H»NO) 


Chloride  of  aoptyl.  Ammonia  Chloride  of  Aoetamide. 

ammonium. 

13th.  These  acid  chlorides  when  distilled  with  a  potassic  salt  of  the 
acid  the  radicle  of  which  they  contain,  give  a  metallic  chloride  and  an 
anhydride  of  this  acid  : 


+ 

r-°)o) . 

-  &} 

Chloride  of 

Acetate  of 

Acetic  anhydride. 

Chloride  of 

m-etyl. 

putaasium. 

pota4e>ium. 

When  distilled  with  a  potassic  salt  of  a  different  acid  from  the  one 
whose  radicle  they  contain,  they  form  a  mixed  anhydride  which  con- 
tains the  radicles  of  the  two  different  acids  : 


r s !) 

+ 

r'sjo)  ^ 

_       /CH-O  I  q\ 

H-      I] 

Chloride  of 

Potanstc  benzoate. 

Aoeto-bentoic 

Chloride 

acetyl. 

anhydride. 

of  potasslom 

These  anhydrides  may  also  be  prepared  by  heating  for  several  days 
to  165",  in  hermetically-sealed  tubes,  a  mixture  of  sulphide  of  carbon 
and  a  well-dried  plumbic  salt  of  the  acid  whose  anhydride  is  de- 
wired  : 

2  N  2 
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2(Pb"|g^g)      +      ^S«      =       2(Pl)S)      +      CO* 

Acetate  of  lead.  Snlpblde  Salpbfde  ^^^nl? 


ofcarbm.  ofletd.  •nh7dria& 


+  K^}o) 


Aoetic  anhydride. 


In  this  process  it  is  necessary  to  open  the  tube  daily,  in  order  to  let 
the  carbonic  anhydride  escape  and  prevent  explosion. 

14th.  Mixed  with  the  ethers  proper,  acid  anhydrides  are  trans- 
formed entirely  into  compound  ethers.  Mixed  with  alcohols,  they 
give  a  mixture  of  compound  ether  and  the  nonnal  acid : 

Acetic  ADhTdrlde;  Oxide  of  eth  jt  Acetate  of  ethyL 

(^ }  o)  +  (Tl «)  =  C^-l  o)  +  C^ }  o) 

Acetic  anhydride.  AloohoL  Acetate  of  ethyL  Acetic  add. 

15th.  Submitted  to  the  action  of  ammoniacal  gas,  the  anhydrides  ci 
monobasic  acids  give  a  mixture  of  amide  and  ammoniacal  salt : 

Benzoic  anhydride.  Ammonia.  Ammonio  acetate.  Beozamlde. 

When  a  mixed  anhydride  is  employed,  one  of  the  two  radicles  passes 
entirely  to  the  state  of  amide,  and  the  other  to  that  of  ammoniacal  salt. 

16th.  Under  the  influence  of  chlorine,  the  anhydrides  of  monobasic 
acids  split  up ;  one  of  the  two  radicles  passes  to  the  state  of  chloride, 
and  the  residue  formed  by  the  other  radicle  and  the  atom  of  typical 
oxygen  unites  with  a  second  atom  of  chlorine,  and  gives  the  mono- 
chlorinated  derivative  of  the  normal  acid : 

(^\o)  +  SI  -  rs})  +  (™^s}o) 

Acetic  anhydride.  Chlorine.  Chloride  of  Chloracetic  add. 

acetyL 

When  hydrochloric  acid  is  substituted  for  the  chlorine,  the  reaction 
is  of  the  same  nature,  only  instead  of  a  monochlorinated  derivative 
of  the  normal  acid,  the  acid  itself  is  produced  : 

Acetic  anhydride.  Hydrochloric  Chloride  of  acetyl.  Acetic  add. 

add. 

17th.  With  water,  these  anhydrides  undergo  double  decomposition 
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and  fumisli  two  molecules  of  hydrated  acid  for  each  molecule  of  anhy- 
dride: 

Acetic  anhydiide.  Water.  Acetic  add. 

18tli.  When  acted  upon  by  hypochlorous  anhydride,  these  anhy- 
drides give  a  mixed  oxide  of  chlorine  and  their  acid  radicle : 

(SiSJo)    +    (g}o)    -    K^)o) 

Acetic  anhydride.  Hypochlorous  Oxide  of  chlorine  and 

anhydride.  acetyl  (acetate  of  chlorine). 

These  bodies  are  isomeric  with  the  monochlorinated  acids  to  which 
the  anhydrides  whence  they  are  derived  correspond  : 

f h;o  )  0)  f^S)  0) 

Oxide  of  chlorine  Monochloraoetlc  add. 

and  of  acetyl. 

19th.  The  monobasic  acids  of  the  series  C"IP*0'  (fittty  acids)  are 
capable  of  forming  acid  salts  resulting  from  the  juxtaposition  of  a 
molecule  of  acid  and  a  molecule  of  a  neutral  salt.  These  salts  cannot 
be  considered  as  true  atomic  combinations.  They  are  neutral  salts  in 
which  a  certain  quantity  of  acid  acts  the  part  of  water  of  crystallization* 
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Preparation. — The  natural  acids  of  this  series  have  each  been  pre- 
pared by  a  special  process;  oleic  acid  (C^^H^^)  has  been  extracted 
from  oil  by  saponification  ;  pyroterebic  acid  (C*iIP^)  has  been  obtained 
by  heating  terebic  acid ;  angelic  acid  (C^HK)*)  is  found  ready  formed 
in  the  angelica  root ;  crotonic  acid  (C^H'O^)  is  extracted  by  saponifica- 
tion from  the  oil  of  croUm  tiglium,  and  acrylic  acid  is  produced  by 
oxidizing  acrylic  aldehyd  ((?H*0)  by  oxide  of  silver.  This  aldehyd  is 
formed  by  the  action  of  bodies  having  great  affinity  for  water  on 
glycerine. 

An  acid  isomeric  with  oleic  acid  has  been  obtained  by  submitting 
bromo-stearic  acid  to  the  action  of  oxide  of  silver : 

Bromosteailo  add.  Oxide  of  silTer.  Bromide  of  Water. 

allver. 


*   <<^}o) 


iKKoldoadd. 
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These  processes  are  not  general.  Bnt  recently,  Frankland  has  dis- 
covered a  method  of  preparing  acids  of  the  series  C"H*'~*0'  syn- 
thetically. It  is  true  that  by  this  method  he  obtains,  not  the  acids 
already  known,  but  isomers  of  these.  However,  this  synthesis  has 
thrown  such  light  on  the  constitution  of  all  these  acids,  that  Frankland 
hopes  also  to  accomplish  the  synthesis  of  the  natural  acids. 

As  will  be  seen  in  biatomic  and  monobasic  acids,  Frankland  has 
obtained  acids  resulting  from  the  substitution  either  of  two  atoms  of 
methyl  or  of  two  atoms  of  ethyl,  or  of  an  atom  of  methyl  and  one  of 
ethyl,  for  the  oxygen  of  oxalic  acid : 


(OH 

cjo 
Co- 
lon 

Oxalic  add. 


rOH 


0 


0 
OH 


Bletfaozalio 
add. 


C 
C 


OH 

C*H» 

CH* 

O 
OH 


Etbo-metboxalic 
acid. 


c 
c 


i 


rOH 
CH» 
CH' 

O 
LOH 


Blmetbozalic 
add. 


The  ethers  of  these  acids,  acted  upon  either  by  phosphoric  anhydride 
or  by  the  terchloride  of  phosphorus,  each  lose  H'O.  This  water  is 
formed  at  the  expense  of  an  atom  of  hydroxyl,  and  an  atom  of  hydrogen 
taken  from  one  of  the  alcohol  radicles.  This  latter  radicle  also 
becomes  biatomic,  and  saturates  that  atomicity  of  the  carbon  set  free 
by  the  elimination  of  OH. 


^  OH 
C*H» 
C*H» 


O 
OC"H», 

Bietboxalate  of  ethyL 


-h 


Hi)  -  KU)  ^  »(si) 


Tercbloride 
of  pboqibonu. 


Phosphorous  add. 


Hydrochloric 
add. 


+ 


lC*H»   \ 
C  J  C*H*"  1 

c  0— 

1 0(?H*' 

EihylcrotODate  of  ethyL 


\ 


rOH 


Ethometfaoxalate 
of  ethyL 


+   (po») 


Phosphoric 
atohjiiTide. 


cm*" 

0 

oc^*i 


MethylcrotooslQ 
of  ethyL 


<^"{oh) 


Mefaq;>bo8pborio  add. 
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10 


OH 
GH« 


Bbnethoxalate  of  ethyL  Terchloride  Pbosptaoruus  add.  Metbacrylate  of 

of  phosphorua.  ethyl. 

+  Ho.}) 

Hydrochloric  acid. 

Lastly,  W6  have  to  mention  the  preparation  of  an  acid  of  the  formula 
(C*H'0*),  isomeric  or  identical  with  the  preceding,  which  Claus  has 
obtained  by  boiling  cyanide  of  allyl  with  caustic  potash : 

(ct^'D    +    i}0    +    |}0     =     n|h    +    (CH.K0») 

pyanldeof  Potash.  Water.  Ammonia.  Potao^  crotonate. 

allyL 

PROPERTiiiS. — 1st.  Probably  both  the  natural  and  artificial  acids  of 
this  series  would  directly  fix  two  atoms  of  bromine,  if  they  were 
acted  upon  by  this  metalloid,  and  would  give  a  bibrominated  acid  of  the 
series  C"H*0*: 

("C^H'O^)       +       ^l]       =       (c*n«Br»0») 

Crotonlc  acid.  Bromine.  Bibromobutjrio 

acid. 

2nd.  The  natural  acids  submitted  to  the  action  of  nascent  hydrogen 
combine  with  this  body,  and  are  transformed  into  acids  of  the  series 
C"H^O»: 

CrotoDicadd.  HydrogezL  Butyric  acM. 

It  is  probable  that  the  artificial  acids  would  react  in  the  same  manner. 

8rd.  Submitted  to  the  influence  of  potash  in  a  state  effusion,  the  acids 
of  this  series,  whether  natural  or  artificial,  disengage  hydrogen,  and  are 
transformed  into  potassic  salts  of  two  acids  of  the  series  C"H**0' : 

{c'm^(A  +  2(^l0j  =  (C^H-'KO*)  +  (C»H»K0»)  +  2} 

Oleic  add.  Potaab.  Palmitateof  Aoeteteof  Hjdnfgm. 

potaasium.  potaaaium. 

CorutUuticn, — In  order  to  determine  the  constitution  of  these  acids  it 
is  important  first  to  understand  how  their  division  under  the  influence 
of  potash  takes  place. 

Thus,  when  acrylic  acid  is  considered,  it  will  be  seen  that  this  acid, 
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tlie  last  in  the  series,  can  have  no  isomer,  as  no  radicle  can  he  snhetituted 

/    ^ 

in  a  hody  having  the  formula  |  p  < 


*  without  altering  its  oom- 


O 

OH 

position.    This  would  not  he  the  case  with  its  homolpgues.     The  acid 
(C*H*0*)  may  be  written  either 

CH»  iH 


C 


CH*"  C  J  C»II*" 

0-         ^^        c   o— 


OH  \  OH 

We  know  that  with  fused  potassic  hydrate,  acrylic  acid  is  converted 
into  potassic  formiate  and  acetate,  hydrogen  being  disengaged.  This 
reaction  may  be  viewed  in  two  different  ways  : 

Either  the  group  CIP  contained  in  acrylic  acid  is  replaced  by  H*,  which 
furnishes  the  acetic  acid,  while  by  absorbing  O*  it  is  itself  transformed 
into  formic  acid.  Such  a  reaction  is  expressed  by  the  following 
equation : 


iBt.       M^     +2"    0)  =  n^     -      +      C     O^    +EP» 


Water.  Aoetic  ftckL  Formic  add.         Hydrogen. 


Or  the  group  C*  of  acrylic  acid  is  divided  in  this  reaction,  which  would 
then  be  expressed  by  the  following  equation : 

AcryUcadd.  Water.  Formic  add.  Aoetic  acid.         Hydrogen. 


The  study  of  ethylcrotonic  acid,  the  mode  of  production  of  which 
indicates  its  constitution,  fortunately  enables  us  to  decide  which  of 
these  equations  is  correct. 

If  this  acid  be  supposed  to  be  split  up,  according  to  the  first  or 
second  of  these  hypotheses,  it  will  be  found  to  furnish  in  the  first  case 
a  molecule  of  acetic  acid  and  a  molecule  of  butyric  acid ;  and  in  the 
second  case,  two  molecules  of  propionic  acid : 

\     loH     /  \     loH  I        ^    ^^^' 

£tbylcioiouic  add.  Water.  Butyric  add.  Aoetic  add.        Hydro0tn. 

♦  Fop  the  aake  of  simplicity,  wo  have  supposed  the  hydration  to  take  place  directly 
with  water  instead  of  with  potash.  The  reaction  is  the  same  in  hoth  caaes:  only  with 
potash,  instead  of  free  acids  potassic  salts  are  produced. 


MONATOMIC  ACIDS. 


553 


2nd. 


C  J  C*H*" 
I  OH 

Etbylcrotonlc  add. 


+ 


Water.  Propionic  acid. 

Hydrogen. 


+ 


HL 


C*H*+H)\' 


) 


Propionic  acid. 


'  Experiment  having  shown  that  it  is  a  mixture  of  acetio  and  butyric 
acids  which  results  when  ethjlcrotonio  acid  is  treated  by  potash  in 
fusion,  it  may  be  considered  that  the  division  most  probably  takes 
place  in  conformity  with  the  first  of  these  two  hypotheses. 

This  reaction,  once  known,  may  serve  to  determine  the  constitution 
of  the  natural  acids  of  the  series  C"H**~*0^ 

In  fact,  if  we  take  the  first  homologue  of  acrylic  acid,  the  acid 
(C*H*0"),  we  shall  find  it  has  two  possible  formulae : 


C 
C 


H 

0 
OH 


and 


C 
C 


CH» 
CIP" 

O 
OH 


According  to  the  first,  it  should  be  divided  by  potash  into  two  mole- 
cules of  acetic  acid.  According  to  the  second,  it  should  give  a  mix- 
ture of  propionic  and  formic  acids.  As,  in  fact,  crotonic  acid  gives 
acetic  acid  when  heated  with  potash,  while  its  artificial  isomer 
gives  a  mixture  of  formic  and  propionic  acids,  the  first  of  these  two 

H 

C  1  CH*" 
acids,  crotonic  acid,  corresponds  to  the  formula  q 


O 
OH 


and   the 


C 


other,  methacrylic  acid,  to  the  formula  p 


CH» 
CH*" 

O 
OH 


This  latter  repre- 


sents   acrylic   acid,  of  which    a  non-typical   atom  of  hydrogen     is 
replaced  by  methyl. 

If  we  now  pass  to  the  second  homologue  of  acrylic  acid,  we  find 
three  possible  formulse : 


C 
G\ 


H 
CH*" 

0~' 
OH 


si 


CH» 
^H*|' 

O 
OH 


and 


C 
C 


G^H» 

O 
OH 


Of  these  three  formulsB,  the  third  must  be  rejected,  because  it 
does  not  account  for  the  transformation  of  the  known  acids  having  this 
composition  into  acetic  and  propionic  acids. 
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Of  the  two  others,  the  second  belongs  to  methylorotonic  acid,  as  is 
shown  by  the  manner  in  which  this  acid  is  formed ;  only  the  first 
therefore  can  correspond  to  angelic  acid. 

The  third  homologue  of  acrylic  acid  may  be  represented  by  the  four 
following  formulflB : 

(H  iCH»  1CTI»  iC^H' 

CJC*H»"         CJC»H«"  CJCH*"         ClCH*" 

cio — '      cjo — '      cjo — '      cIq— 
Ion  'oh  Ioh  Ioh 

The  mode  of  decomposition  by  potash  of  the  known  acids  thus  com- 
posed excludes  the  second  and  fourth  of  these  rational  formulae.  Acetic 
and  butyric  acids  are  formed  in  this  decomposition,  while  according  to 
these  formulaa  there  oughf  to  be  formed  either  propionic  acid  alone,  or 
a  mixture  of  valeric  and  formic  acids.      Of  the  two  formulas  which 

C«H« 

C*H*" 

belongs  to  the  synthetical  acid ;   the  other 


remain,  one 


0 
OH 


I  is  that  of  its  isomer,  pyroterebic  acid. 

OH 

Sixteen  formulas  would  be  possible  for  oleic  acid,  but  of  these  only- 
two  would  coincide  with  the  decomposition  which  this  acid  undergoes 
under  the  influence  of  potash ;  these  are  : 

H  1  C"H» 

CjC'H*^"        ^    C)C*H*" 
and 


C  10  C    0 

OH  lOH 

It  is  impossible  to  decide  between  these  formulas,  Frankland  not 
having  obtained  synthetically  any  acid  of  the  same  composition  as  oleic 
a(;id  which  can  be  compared  to  it.  But  the  natural  acids  of  this  series 
having  each  a  single  radicle  of  alcohol  in  their  molecule,  the  first 
formula  is  the  most  probable. 

There  remains  campholic  acid  (C^^H^K)*).  But  this  has  such  difierent 
properties  from  the  acids  just  reviewed,  that  it  should  not  be  placed  in 
the  same  class.     It  appears  to  be  much  more  completely  saturated. 

On  reviewing  the  preceding  remarks,  it  may  be  asked  if,  where  2, 
8  . . .  n  formulas  are  said  to  be  possible,  there  may  not  sometimes 
be  a  greater  number. 

Thus,  besides  the  two  formulas  of  angelic  and  methylorotonic  acids, 


and 


|CH» 

c  J  cm*" 

Cjo 
I  OH 

MeChylcrotonic  acid. 


V 
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there  appears  to  be  a  third  possible : 


666 


C 
C 


n* 


taTT4f/ 


C^H 


OH 

But  this  formula  would  be  precisely  the  same  as  that  of  methylcro- 
tonic  acid.  This  will  be  seen  by  translating  the  two  into  molecular 
designs : 


CH» 
C  J  CH*" 

cio 

I  OH 


Pi 


dl     0  Q 

v'J  n — rxi    ■    i    ■ ) 


H 


cnzc^ 


JJ 


H 


\ 


S 


®  (D  ® 


c 


y 


> 


u 


D 


w 


'«n4" 


G«H 


C 

C. 
C   0 

^OH 


H 


orr  o 


c 


TI 


0 


D 


-1^ 


I     i     i  )  OP   ®   (£) 
T     I      I  ) 


e- 


^CL 


c 


fi 


c 


H 


v^        <^ 


Actylio  acid  and  its  natural  homologues  coirespond  to  the  fonnulaa : 

H 


C 


CH»" 

0 
OH 


•  •  .  exc. 


They  have  a  very  simple  relation  with  acetic  acid,  each  of  them 
being  derived  from  that  acid  by  the  substitution  of  a  radicle  OH*, 
C«H*",  C»H«",  etc.,  for  H«.  It  is  therefore  probable  that  they  would 
be  obtained  by  causing  the  bihydrobromio  ethers  of  the  different 
glycols  to  act  on  bisodaoetic  ether : 


ClNa* 
CjO 

loc^* 

Btoodaoetlc  ether. 


+    (CH'-'Br')     =     2(^*1) 


+ 


Bromide  of 
ethylene. 


Bromide  of 
aodiam. 


The  artificial  acids  of  this  series   might  also  be  obtained  by  this 
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prooess,  on  substitutliig  the  homologies  of  acetio  acid  for  the  acid 
itself: 


+  (t;i)  =  ^a-i)  - 


OC*H 


» 


CH» 

O 
OH 


BiaodanropUmle  Bromide  of  Bromide  of  Mettijlcrotooic 

ether.  ethylene.  sodium.  add. 


ACIDS  OP  THE  SEBTBS  C"H*^**0". 

Only  one  acid  of  this  series,  cinnamic  acid  ((THK)'),  is  known.  It  is 
found  ready  formed  in  certain  natural  balsams,  and  is  also  obtained  by 
oxidizing  its  aldehjd,  the  essential  oil  of  cinnamon.  It  has  been  pre- 
pared synthetically  by  two  processes. 

First — Oil  of  bitter  almonds  is  heated  with  chloride  of  benzoyl 
in  a  closed  vessel ;  hydrochloric  acid  is  disengaged  and  cinnamic  acid  is 
formed : 

(o^)  +  (0^})  .  g)  +  (ow) 

Benzoic  Chloride  of  Hydrochlorio         GbmMnicadd. 

aldebyd.  aoe^L  add. 

Second  Proc6««.  ^Chloracetene  is  made  to  act  on  benzoate  of 
potassium : 

(C^^fo)    +    (c?H»Cl)     =     ^,}    +    (CHJC) 

Beniote  of  pofMrinm,  Ghloncetene.  Potaadc  Gbuiamlcadd. 

dilorlde. 

The  chloracetene  used  in  this  preparation  is  produced  by  the  reaction 
of  chloride  of  carbonyl  on  ordinary  aldehyd : 

(c^^o)  +  (co"Cp)  =   §J   +  (co«)  +  ((?ma) 

Aldehyd.  CSilorideof  HydTodilorio  Carbonic  ChloraoeteDe. 

carbonyL  add.  aohydrlde. 

It  may  be  presumed  that  on  substituting  another  alkaline  salt  for 
benzoate  of  potassium,  other  acids  of  the  same  or  of  a  different  series 
might  be  obtained  by  the  same  process. 

Properties.— 1st  Cinnamic  acid  fixes  directly  two  molecules  of 
bromine,  and  gives  an  acid  which,  under  the  influence  of  nascent 
hydrogen,  is  transformed  into  a  new  acid  of  the  benzoic  series  : 

(C'H'O")      +      Br"       =       (C*H»Bi*0») 

Oniuunic  acid.  Bromine.  Blbromozylenio 

add. 

(CWBiW)      +      2(g})      =       2(f^|)      +      (C^^OO 

Blbromoscylenio  Hydrogen.  Hydrobromic  Xylenicadd. 

add.  add. 
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2nd.  This  xylenio  aoid  is  also  produced  by  the  direct  action  of 
nascent  hydrogen  on  cinnamic  acid. 

3rd.  Potash  in  the  state  of  fusion  transforms  cinnamic  acid  into  a 
mixture  of  acetic  and  benzoic  acids : 

H 
H 

Hydrogen* 


(C»H«0»)    +    2(KH0)     =    (C'H^O*)    +    (C^^KO^     +     ^l 


Clnpainto  add. 


Potash. 


Potaaslo  acetate.. 


Benzoateof 
potassium. 


Cinnamic  acid  therefore  appears  to  act  the  same  part  in  the  aroma- 
tic series  as  acrylic  acid  acts  in  the  series  of  the  fatty  acids. 

In  the  methods  of  preparation  just  described,  the  acids  are  some- 
times  obtained  in  the  state  of  salts,  but  nothing  is  easier  than  to  obtain 
a  free  acid  when  we  have  one  of  its  salts.  If  the  acid  be  volatile,  its 
salt  only  requires  to  be  distilled  witli  sulphuric  acid.  If  the  acid  be 
not  volatile,  it  is  transformed  into  a  salt  of  lead,  which  is  treated 
with  sulphuretted  hydrogen  and  water ;  sulphide  of  lead  is  formed  which 
is  separated  by  filtration,  and  the  acid  set  free  is  dissolved  and  obtained 
from  the  solution  by  evaporation.  The  preparation  of  the  salt  of  lead 
is  very  easy.  Its  salts  of  fixed  acids  are  in  reality  almost  all  insoluble, 
and  are  obtained  by  means  of  double  decomposition,  by  mixing  solu- 
tions of  a  soluble  salt  and  acetate  of  lead. 

Monatomic  Adds  actually  known. — These  acids  are  : — 

1  St  In  the  series  C"H*'0*  : 

C  ff  O" 


Formic  acid, 
Acetic  acid, 
Propionic  acid, 
Butyric  acid, 
Valeric  acid, 
Caproic  acid, 
(Bnanthylic  acid,  C^  H"0» 
CapryHc  acid,       C«  ff  «0» 
Pelargonio  acid,    C».ffW 


C  H*  0' 

C*H«0» 
C^  W'O 


Butic  acid, 
Laurie  acid, 
Cocinic  acid, 
Myristic  acid, 

Benic  acid, 

Palmitic  acid, 
Margaric  acid, 

Stearic  acid, 

Arachidic  acid, 
Cerotic  acid, 
Molissic  acid, 


',  corresponding  to  methylic  alcohol,  C  H*  O. 

,  corresponding  to  ethylic  alcohol,  C*  H*  O. 

,  corresponding  to  propylic  alcohol,  C  H'  0. 

,  corresponding  to  butylic  alcohol,  C*  H***0. 

,  corresponding  to  amylic  alcohol,  C*  H*K). 

,  corresponding  to  hexylic  alcohol,  C*  H"0. 

,  corresponding  to  heptylic  alcohol,  C  H"0. 

,  corresponding  to  octylic  alcohol,    C  H**0. 

',  corresponding  to  nonylic  alcohol,  (?  H^*. 

,  corresponding  to  decylic  alcohol,  C^^H^O*. 

,  corresponding  tododecylic  alcohol,  C"IPO*. 

,  corresponding  to  tridecylic  alcohol,  C^'H**0*. 

,    corresponding    to  tetradecylic 

alcohol C^*n*>0*. 

C^*H*^'?,  corresponding  to  pentadecylic 

alcohol C"H«0* 

C^H'^O^,  corresponding  to  cetylic  alcohol,  C*'H"0. 
C"H'*0*  ?,  conesponding  to  heptadecylio 

alcohol C^^fe»0«. 

C^H'^O*,    corresponding    to    octodecylic 

alcohol C«H"0*. 

C»H*>0*,  corresponding  to  the  alcohol  C»H«0**. 

Qf7jjMQ«^  corresponding  to  cerylic  alcohol,  C"H«'0. 
Qsogfiooa^  corresponding  to  myricic  alcohol,  C^H®H). 


C"H»0 

C"H«0^ 
C^*H««0* 
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Those  alcohols  marked  with  an  asterisk  are  not  yet  known,  though 
their  acids  have  been  obtained,  and  a  note  of  interrogation  is  placed 
after  benic  and  mai^rio  acids,  because  benio  acid  is  far  from  being 
known  with  certainty,  and,  according  to  Heinz,  the  body  hitherto 
called  margaric  acid  is  a  mixture  of  palmitic  and  stecoio  acids. 

2nd.  In  the  teries  C*H*^»0" : 

Acrylic  acid  C'H*0^  corresponding  to  allylic  alcohol,  (?H*0. 

Crotonic  acid  and  its  isomer,  methacrylic  acid,  C*H*0*,  corresponding 
to  two  isomeric  alcohols,  C*H*0*. 

Angelic  acid  and  its  isomer,  methylcrotonic  acid,  (7H^,  correspond- 
ing to  two  isomeric  alcohols,  C*H*°0*. 

Pyroterebic  acid  and  its  isomer,  ethylcrotonic  acid,  C*ff °0',  corre- 
sponding to  two  isomeric  alcohols,  C*H**0"*. 

Campholio  acid,  C^H^^O',  corresponding  to  mentholic  alcohol, 
C^°H»0. 

Oleic  acid,  C"H®*0*,  corresponding  to  oleic  alcohol,  C"H"*0*. 

3rd.  In  the  series  C"H*-*0* : 

Sorbic  and  parasorbic  acids,  C*H'0',  corresponding  to  two  isomeric 
alcohols,  O'H^^^O*. 

Camphio  acid,  C^^'II^O',  corresponding  to  campholic  alcohol  (bomeol), 
C^^H"0. 

4th.  In  the  series  C-R'^O* : 

ITydrobenzoio  acid,  C^H^O^  corresponding  to  the  alcohol  CH^O**. 

6th.  In  the  series  C-H^-^O' : 

Benzoic  acid,  C^IPO',  corresponding  to  benzilic  alcohol,  C'E^O. 

Tolnic  and  alphatoluic  acids,  CH^O*,  corresponding  to  toUylic 
alcohol,  C^n^^O,  and  to  a  second  unknown  alcohol  of  the  same  compo- 
sition. 

Xylenic  and  alphaxylcnic  acids,  C*H*°0',  corresponding  to  two 
isomeric  alcohols,  C'H"0*. 

Cuminic  acid,  C^°H*»0',  corresponding  to  cumylic  alcohol,  C^ff  *0. 

Alphacymenic  acid,  C"H"0%  corresponding  to  cymelic  alcohol, 
C"H"0*. 

6th,  In  the  series  C-H«-"0*  : 

Cinnamic  acid  and  its  isomer,  atropic  acid,  C^ffO*,  corresponding 
to  cinnamic  alcohol,  C"H^°0,  and  to  an  unknown  isomer  of  this  alcohol. 
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Study  op  the  bebt-known  Monatomic  Acids. 

Formic  Acid. — Preparation. — Several  processes  have  been  used  for 
the  preparation  of  formic  acid.  It  is  generally  produced  when  organic 
substaDces  are  oxidized.  This  acid  is  now  U8ually  prepared  by  de- 
composing oxalic  acid  by  means  of  glycerine,  which,  by  a  catalytic 
action,  canses  oxalic  acid  to  split  up  into  formic  acid  and  carbonic 
anhydride  without  itself  being  altered : 

(C^H'O*)       =       CO'       +       (CIPO'). 

Oxalic  acid.  Carbonic  Formic  acid. 

anhydride. 

A  solution  of  oxalic  acid  in  water  is  added  to  glycerine  and  distilled. 
When  a  certain  quantity  of  liquid  has  passed  over,  more  of  the  solu- 
tion of  oxalic  acid  is  again  poured  into  the  retort  containing  the 
glycerine,  and  the  operation  is  thus  continued  for  an  indefinite  period. 

In  order  to  obtain  normal  formic  acid  (CH*0*)  entirely  free  from 
water,  the  distilled  acid  liquids  are  saturated  with  oxide  of  lead,  evapo- 
rated to  dryness,  and  the  formiateof  lead  is  well  dried.  It  is  then  placed 
in  a  glass  tube,  which  is  heated  in  a  sand-bath  and  through  which  a 
current  of  dry  sulphuretted  hydrogen  is  transmitted.  Sulphide  of  lead 
and  pure  formic  acid  are  produced.  The  latter  distils  over  and  is 
collected  in  a  cold  receiver : 

Fonniate  of  lead.  Solphtiretted  Salphide  Formic  add. 

hydrogen.  of  lead. 

Berthelot  has  prepared  formic  acid  synthetically  by  heating  oxide  of 
carbon  with  potash.  By  the  union  of  these  bodies,  potassic  formiate  is 
formed,  which  by  distillation  with  dilute  sulphuric  acid  furnishes 
dilute  formic  acid,  from  which  the  pure  acid  is  extracted  as  before : 

(C<y)    +    (g}0)    .    (OHOjo) 

Oxide  of  Potash.  Potassic  formiate. 

carbon. 

Kolbe  has  also  obtained  the  formiate  of  potassium  by  transmitting  a 
current  of  carbonic  anhydride  and  vapour  of  water  over  potassium : 

(i}o)  +  11  +  ^oo-o)   -  (Ijo-)  +   (™i}o) 

Water.  i*otaaBlam.  Carbonic  Potassic  Potasetc 

anhydride.  bicarbonate.  formiate. 

Potassic  formiate  is  also  obtained  by  heating  hydrocyanic  acid 
with  an  excess  of  a  solution  of  potash  in  alcohol : 

Q)  +  (SI  o)  +  (II  °)  -  r?i «)  +  M 

Hydrocyanic  Potash.  Water.  Potassic  formlato.  Ammonia, 

acid. 
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The  resins  which  were  in  solution  are  thereby  separated,  and  removed. 
He  continues  to  boil  the  liquid,  in  order  to  drive  o£f  certain  volatile  snb- 
stances,  such  as  creosote,  which  are  set  free  at  the  same  time  as  these 
resins,  and  then  dries  thoroughly  the  acetate  of  calcium,  after  which 
it  is  distilled  with  hydrochloric  acid  (90  to  96  parts  of  hydrochloric  acid 
of  a  density  of  1-16,  for  100  p.  of  the  acetate).  To  remove  any 
hydrochloric  acid  which  may  have  passed  over  during  the  distillation, 
the  product  is  rectified  with  potassic  bichromate.  This  also  destroys  a 
foreign  substance  which  communicates  a  peculiar  odour  to  the  acetic  acid. 

The  acetic  acid  thus  obtained  though  strong  enough  for  the  ordinaiy 
requirements  of  commerce  is  still  considerably  diluted.  To  concentrate 
it,  it  must  be  transformed  into  a  salt  of  sodium,  and  then  submitted  to 
the  process  already  described. 

Formerly,  a  highly-concentrated  acid  was  obtained  in  pharmacy  by 
submitting  the  acetate  of  copper  (or  lead)  to  dry  distillation.  But  a 
part  of  the  copper  passes  to  the  state  of  sub-acetate  and  crystallizes  in 
the  neck  of  the  retort,  a  portion  of  this  is  carried  over  by  the  acid 
which  distils,  then  it  absorbs  oxygen  and  is  converted  into  per-aoetate, 
colouring  the  acid  blue.  It  is  therefore  necessary  to  rectify  the  acetic 
acid  obtained  by  this  process  a  second  time. 

Besides  the  ordinary  method  of  preparation  already  described,  and 
which  alone  is  used  in  manu£Eu;tures,  there  exist  other  methods  of  pre- 
paring acetic  acid,  which  are  all  synthetical. 

1st.  Acetate  of  potassium,  and  conRcquently  acetic  acid,  may  be  pre- 
pared by  boiling  cyanide  of  methyl  with  an  alcoholic  solution  of  potash, 
until  all  disengagement  of  ammonia  ceases,  and  then  evaporating  the 
alcohol : 

(Sis:.)  -H  (g|o)  +  (H}o)  ,  (o{|)  +  (!}») 

Qranideof  Potash.  Water.  Potamlc  AmmciDte. 

methyl.  aoetato. 

2nd.  Potassic  acetate  may  also  be  prepared  by  causing  oarbouio 
anhydride  to  act  on  potassium-methyl : 

(c{|.)      +      (CO.O)       = 

Potottlnm-  Carbonic  Potanic 

methyl.  anhydride.  acetate. 

3rd.  Melsens  has  obtained  acetic  acid  by  submitting  trichloracetic 
acid  to  the  action  of  nascent  hydrogen,  disengaged  from  water  by 
sodium  amalgam : 

Trichloracetic  Hydrogen.  Hydnxdiloric  Acetic  acid, 

add.  add. 
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This  method  is  synthetical,  since  Kolbe  has  succeeded  in  preparing 
trichloracetic  acid  by  causing  water  and  chlorine  to  act  simultaneously 
on  the  chloride  of  carbon  (C*Cr).  This  latter  reaction  takes  place  in 
two  stages :  in  the  first,  this  chloride  absorbs  CP,  and  passes  to  the 
state  of  bicarbonic  hexachloride  (C*CP)  ;  in  the  second,  this  latter  body 
is  transformed  into  hydrochloric  and  trichloracetic  acids  : 

(CTOl*)      +         g{)      =      (C»C1') 


Protochloride 
of  carbon. 


Chlorine. 


Bicarbonic 
hexachloride. 


((?C1')      +      2(^}0)       =       3(H})      + 


Bicarbonic 
hexachloride. 


Water. 


Hydro(dilorlc 
add. 


Trichloracetic 
add. 


The  protochloride  of  carbon  (C*C1*)  is  produced  when  the  per- 
chloride  (CCl^)  is  transmitted  through  a  red-hot  tube,  and  the  perdilo- 
ride  (Cd*)  is  formed  by  the  reaction  of  dry  chlorine  on  the  sulphide 
of  carbon : 

(OS-)    +     .(«!})     .     (cci.)    +     .(g)s) 


Sulphide  of 
carbon. 


Chlorine. 


Perchloride 
of  carbon. 


Chloride  of 
salphor. 


4th.  Hamitz-Hamitzky  has  obtained  the  chloride  of  acetyl,  and 
consequently  acetic  acid,  by  causing  marsh  gas  to  act  on  the  oxy- 
chloride  of  carbon : 


rCH*^      +      ('WCPJ       = 


Manhgas. 


m 

Chloride  of 
acetyl. 


+ 


Oxycfaloride 
of  carbon. 


(5(0)    - 


Water. 


m 

Chloride  of 
acetyl 

Hydrochloric 
add. 

Sf  + 

\     oh/ 

Hydrochloric 
add. 

AoeUcacld. 

Properties. — Concentrated  acetic  acid  crystallizes  at  +17°  in  brilliant 
transparent  plates,  but  it  loses  this  property  if  a  small  quantity  of 
water  be  added;  above  17^  it  is  a  colourless  transparent  liquid  of  a 
density  of  1'064,  having  a  strong  odour  of  vinegar  and  a  very  acid 
taste.  It  is  sufficiently  corrosive  to  cause  a  blister  when  applied  to 
the  skin. 

It  boils  at  120°;  its  vapour  density  taken  between  219°  and  239® 
has  been  found  by  Cahours  to  be  from  2*12  to  2*7,  but  it  is  greater  at 
a  lower  temperature;  it  diminishes  gradually  towards  219°,  where  it 
becomes  constant. 

2  0  2 
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Acetic  acid  absorbB  moistnre  from  the  atmosphere,  and  mixes  in  all 
proportions  with  water  and  alcohol ;  if  water  be  added  to  it,  its  density 
at  first  increases,  but  diminishes  if  the  dilation  be  continued.  Its 
maximum  density  is  1  *078.  It  corresponds  to  the  hydrate  (CPH^)4-aq. 
aud  boils  at  104^ 

The  vapoor  of  acetic  add  is  inflammable,  and  bnms  with  a  beautiful 
blue  flame. 

This  acid  dissolves  camphor,  the  rosins,  fibrin,  coagulated  albumen, 
and  several  other  substances.  Phosphorus  is  slightly  soluble  in  it. 
Nitric  acid  does  not  attack  it.  Periodic  acid  converts  it  into  formic 
acid  and  carbonic  anhydride,  and  itself  passes  to  the  state  of  iodic  acid, 
or  even  of  free  iodine.    This  is  merely  an  instance  of  oxidation. 

Ao^tloacid.  Oxygen.  Formic  add.  Carbonic  Water. 

anhydride: 

When  a  mixture  of  acetic  and  concentrated  sulphuric  acids  is  heated, 
it  turns  black,  and  sulphurous  and  carbonic  anhydrides  are  disengaged. 
When,  instead  of  ordinary  concentrated  sulphuric  acid,  disulphuric 
(Nordhausen)  acid  is  employed,  the  mixture  becomes  heated  sponta- 
neously, and  if  the  temperature  be  further  raised,  carbonic  anhydride, 
almost  free  from  sulphurous  anhydride,  is  disengaged.  When  sulphuric 
anhydride  is  thrown  into  crystallizable  acetic  acid,  and  the  mixture 
is  heated  for  some  time  to  75^  sulphaoetic  acid  is  obtained: 

Acetic  add.  Bnlphnric  Snlphacetlc  add. 

anhydride. 

* 

This  acid  is  isolated  by  diluting  the  liquid  with  water,  saturating 
with  carbonate  of  lead,  and  filtering.  The  excess  of  sulphuric  anhy- 
dride passes  into  sulphuric  acid,  and  is  then  precipitated  in  the 
state  of  sulphate  of  lead,  while  the  sulphacetate  of  lead  remains  in 
solution.  It  may  either  be  crystallized  or  be  used  for  the  preparation 
of  sulphacetic  acid  by  submitting  it  to  the  action  of  a  current  of 
sulphuretted  hydrogen : 

([C'H'CSO'Pl-lgjPb")      +      (g}s)      =      (Pbs) 

Sniphacetate  of  lead.  Salphoretted  SoIpUde 

hydrogen.  ofiead. 


+      ([OTP(SO')0]"  I  gg) 


Snlpbaoetlc  add. 


The  persulphide  of  phosphorus  transforms  acetic  acid  into  thiacetio 
acid: 
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5(C^}0)      +      (pS.)       =       5(C^)S)      H-,(l»0') 

▲oetioadd.  PeTsnlptaJde  Tbiaoetlc  acid.  Phosphoric 

of  phosphorua.  anhydiido. 

Chlorine  can  be  substituted  for  one,  two,  or  three  atoms  of  the 
hydrogen  of  aoetic  acid.  For  this  substitntion  to  take  place  readily, 
the  operation  must  be  conducted  in  the  sunlight.  Bromine  also  acts 
in  the  same  manner,  but  only  when  heated  with  the  acid  to  a  high 
temperature  in  hermetically- sealed  tubes. 

Acetic  acid  is  a  bad  conductor  of  electricity,  but  the  acetate  of  potas- 
sium is  decomposed  by  galvanism,  and  methyl  is  formed : 

l\>ta8sic  acetate.  Water.  Methyl.  Hydrogen.  Carbonic 

anhydridte. 


+  «;fo") 


Potaaalc  carbonate. 


When  the  acetate  of  potassium  is  distilled  with  arsenious  anhy- 
dride, a  foetid  and  veiy  inflammable  oil  passes  over.  This  oil,  which 
is  known  as  Cadet's  fuming  liquid,  is  chiefly  composed  of  the  arsenide 

Qgs  vAsj. 

The  pentachloride,  terchloride,  and  oxychloride  of  phosphorus 
convert  acetic  acid  into  chloride  of  acetyl,  volatile  at  55° : 

(PCl.)  +  ,(^}0)  .  4(<^))  +  H}  +  (p<,..|8| 

Perchloride  Acetic  add.  Chloride  of  Hydrochloric      Pboaphoric  acid, 

ofphoephoroa.  acetyl.  add. 

Chloride  of  acetyl,  distilled  with  acetate  of  potassium,  is  transfoimed 
into  anhydrous  acetic  acid  volatile  at  137°* 5 : 

Chtoride  of  acetyl  Fbtaasio  acetate.  Chloride  Acetic  anhydride. 

of  potawinm. 

When  acetic  acid  is  heated  with  the  dififerent  alcohols  in  heimetically- 
sealed  tubes  it  etherifies  them;  acetate  of  ethyl  may  be  obtained  in  this 
manner : 

rs}")  +  (Tio)  -  c^}o)  +  gfo 

Acetic  add.  Alcohol  Acetate  of  ethyL  Water. 

The  acetate  of  ethyl  has  an  ethereal  odour;  it  is  slightly  soluble  in 
water.  Bromine  splits  it  up,  forming  bromacetic  acid  and  bromide  of 
ethyl  (Crafte) : 
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C^.1 0) 

Acetate  or  ethyl. 


+    Brf     - 

Bromine; 


(CH-Bigj  o) 

BrooMoetic  ttofcL 


+ 


Bromide  of 
eihjL 


Acted  upon  by  sodium,  this  ether  exchanges  one  or  two  atoms  of 
hydrogen  for  the  metal.  The  products  thus  obtained  enter  into  doable 
decomposition  with  the  iodides  of  ethyl  and  methyl,  and  give  homo- 
lognes  of  acetate  of  ethyl  (Frank land)  : 


(cf^A 

V  lo(?H»/ 


Acetate  of  ethyl. 


+ 


C)H 


C)0 

DUodaoc'tic  ether. 


+     2 


( 


Na( 
Naf 


Sodlom. 


C.P|) 


oc^H"; 

Diaodaoetlc  etiwr. 


1} 

Hydrogen. 


=         2 


CJ!) 


+ 


\ 


0(7H" 


ludldeofmethyL 


Iodide  of  Bodium. 


Batyrafte  Cdi- 
methftoetate)  of  ethjri 


Acetic  is  a  powerful  acid,  forming  well-defined  salts,  resulting 
with  monatomic  metals  from  the  substitution  of  an  atom  of  metal  for 
an  atom  of  hydrogen.  Several  of  these  salts  combine  with  a  molecule 
of  free  acetic  acid  and  form  what  are  called  biuacetates  : 


(^1 0,  -^1 0). 


In  these  compounds,  acetic  acid  must  be  considered  as  acting  the 
same  part  as  the  water  of  crystallization  in  salts. 

The  soluble  acetates  assume  a  deep-red  colour  when  a  little  ferric 
chloride  is  added  to  their  solution.  This  coloration  is  owing  to  the 
formation  of  ferric  acetate,  and  disappears  under  the  influence  of  agents 
which  reduce  the  ferric  to  the  state  of  ferrous  acetate. 

When  heated  with  an  excess  of  alkali,  the  acetates  furnish  marsh  gas. 

Distilled  with  dilute  sulphuric  acid,  they  give  acetic  acid,  which  may 
be  recognized  by  its  foiming,  when  litharge  is  digested  in  it,  a  sub-salt 
of  lead,  which  colours  litmus  paper  blue. 

•Q4TT7Q  \         \ 

Butyric  Add  (         Hi  ^)' — ^^^^^paration. — 1st.     Butyric    acid    i 

found  ready  formed  in  the  stalks  and  fruit  of  certain  vegetables,  such 
as  the  carob  tree  and  tamarind,  from  which  it  may  be  extracted  by 
distilling  them  with  dilute  sulphuric  acid.  It  cannot  however  be 
obtained  in  large  quantities  by  this  process. 

2nd.  There  exists  in  butter  a  neutral  fatty  body,  glyceric  tributyrate, 
which  is  resolved  into  an  alkaline  butyrate  and  glycerine  when 
saponified  with  potash  or  soda ; 


is 
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((C.'^Tfo-)    +     <if0)    .    3(CH'0f„)    +    (C^-fo.) 

Olyoeric  tribotyrate.  Potassic  hydrate.  Potaflsic  botyrate.  Glyoerioe. 

It  is  from  this  compound  that  Chevreul  first  extracted  it.  But  the 
butvrin  is  here  mixed  with  a  number  of  other  neutral  fatty  bodies  which 
are  separated  with  difficulty,  and  many  of  which  furnish  volatile  acids, 
homologues  of  butyric  acid  (caproic,  caprylic,  and  capric  acids),  by 
distillation.  Butyric  acid  prepared  from  butter  is  therefore  very  difficult 
to  purify,  and  as  moreover  butter  only  yields  the  acid  in  small  quantity, 
this  process  is  not  now  employed. 

3rd.  Butyric  acid  is  produced  in  a  particular  fermentation  of  the 
different  kinds  of  sugars,  starch,  and  other  analogous  substances.  When 
these  are  left  with  casein  or  its  congeners  at  a  temperature  of  about 
30°  a  mycoderm  is  first  developed  which  acts  as  a  ferment,  and  trans- 
forms them  into  lactic  acid ;  then  an  infusorial  animalcula,  also  acting 
as  a  ferment,  is  in  its  turn  developed,  and  under  its  influence  the 
lactic  acid  is  converted  into  butyric  acid,  carbonic  anhydride,  and 
hydrogen. 

The  following  equation  shows  the  transformation  : 


9 


2((?H'0')     =     ((?H«0')     +     2(C0')     +     2H 

Lactic  acid.  Batyricacfd.  Carbonio  Uydrogen. 

anhydride. 

However,  as  a  vital  action,  not  a  simple  chemical  reaction,  is  here  in 
question,  it  is  most  probable  that  the  phenomena  are  more  complicated, 
and  that  this  equation  is  only  apparently  correct. 

The  following  is  the  method  employed  to  prepare  butyric  acid  by 
means  of  fermentation. 

Three  kilc^rammes  of  cane  sugar  and  fifteen  grammes  of  tartaric 
acid  are  dissolved  in  fifteen  kilogrammes  of  boiling  water  and  left  for 
several  days ;  then  sixty  grammes  of  old  decayed  cheese,  in  four  kilo- 
grammes of  curdled  skim  milk,  along  with  half  a  kilogramme  of  washed 
chalk,  are  added  to  the  mixture,  which  is  left  at  a  temperature  of  30°  or 
35°  and  stirred  sevei-al  times  a  day  ;  at  the  end  of  about  ten  days  it  has 
become  a  thick  milky  substance — ^lactate  of  calcium.  After  some  days  the 
mass  again  becomes  more  fluid  and  gas  bubbles  begin  to  be  developed. 
When  all  gaseous  disengagement  has  ceased,  which  will  be  after  five 
or  six  weeks,  the  fermentation  is  completed.  Then  a  solution  of  four 
kilogrammes  of  crystallized  carbonate  of  sodium  is  added  to  the  mixture, 
which  is  filtered  through  a  linen  cloth  to  separate  the  carbonate  of 
calcium,  which  is  well  washed. 

The  filtered  liquid  is  boiled  down  to  five  kilogrammes,  then  2""** 
7bO^  of  sulphuric  acid  are  added  to  it ;  the  greater  part  of  the  butyric 
acid  is  then  separated  in  the  form  of  an  oil  which  floats  on  the  surface 
of  the  liquid,  and  is  decanted  off.  The  aqueous  liquid  is  then  distilled. 
The  product  of  the  distillation,  saturated  by  sodic  carbonate,  suitably 
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eyaporated,  and  acted  upon  by  Bulphuric  acid,  gives  a  fresh  quantity 
of  butyric  acid  which  is  added  to  the  first. 

The  butyric  acid  thus  obtained  is  distilled,  aflter  sixiy  grammes  of 
sulphuric  acid  have  been  added  for  each  kilogramme.  This  acid 
transforms  the  neutral  sodic  sulphate  with  which  the  butyric  acid  is 
mixed  into  acid  sulphate,  as  it  would  interfere  with  the  distilladon. 
The  first  portions  which  come  over,  and  which  are  hydrated,  are  set 
aside.  The  receiver  is  changed  when  the  temperature  has  attained 
164^.     That  which  then  passes  over  is  pure  butyric  add. 

Schubert  proposes  to  replace  the  cheese  by  meat,  and  the  sugar  by 
starch  in  this  operation  (1  part  of  meat  to  4  of  starch) ;  the  fermenta* 
tion  would  then,  according  to  him,  be  completed  in  five  or  six  days. 
According  to  WickUs,  this  process  is  very  economical  and  has  the 
advantage  of  being  successful  on  a  small  scale. 

4th.  Butyric  acid  may  also  be  prepared  by  the  oxidation  of  butylic 
alcohol,  which  is  extracted  by  fi-actional  distillation  from  the  same 
residues  used  for  the  exti'action  of  amylic  alcohol.  But  as  these 
residues  only  contain  very  little  butylic  alcohol,  and  as  much  time  is 
required  to  separate  this  alcohol  in  a  pure  state,  this  method  of 
procuring  butyric  acid  is  never  employed. 

5th.  When  iodide  of  methyl  or  of  etbyl  is  made  to  act  on  the  sodic 
derivatives  of  acetate  of  ethyl,  bodies  are  obtained  which  have  the 
same  composition  as  the  butyrate  of  ethyl,  and  which  consequently  by 
saponification  would  give  acids  of  the  same  composition  as  butyric 
acid  (Frankland  and  Duppa). 

lNa» 
C   ?—  I    +     2(0H»I)     = 


iOC^H' 

Dlaodaoetio  ether. 

iNa 
C   H» 


O 

Iodide  of  methyL     DimethAoetate  of  etbjL 


g!H»y 


+    2(NaI) 


Iodide  of  aodinm. 


c]o 

l0( 


oc^*^ 

MoDOflodaceUo  ether. 


+    (CHT)     = 


Iodide  of  etbyl. 


C|H» 


C)0 

EthACctate  of  etfayL 


+    Nal 


Iodide 
of  sodium. 


Would  the  dimethacetate  and  the  ethacetate  of  ethyl  give  two  acids 
identical  with  the  butyric  acid  of  feimentation,  or  are  these  three  acids 
isomers  ?  This  is  not  yet  known.  It  is,  however,  probable  that  ethacetio 
acid  is  identical  with  the  butyric  acid  of  fermentation,  and  isomeric 
with  dimethacetic  acid. 

Properties. — Pure  butyric  acid  is  a  colourless  and  very  unstable 
liquid ;  its  odour  is  something  between  that  of  rancid  butter  and  acetic 
fiusid,  and  it  has  an  acrid  burning  taste. 

The  density  of  butyric  acid  at  its  maximum  of  concentration  is 
0-9886  at  0°,  to  0-9739  at  16°,  and  0-9675  at  25°;  the  density  of  a 
mixture  of  two  parts  of  this  acid  and  one  part  of  water  is  1  '00287. 
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Butyric  acid  is  soluble  in  all  proportions  in  water,  alcohol,  or  wood- 
spirit.  It  boils  at  164° ;  its  vapour  density  has  been  found  to  be  3  •  7  at 
the  temperature  of  261°.  As  in  the  case  of  acetic  acid,  this  number 
only  becomes  constant  at  a  temperature  considerably  above  its  boiling 
point.  Butyric  acid  remains  fluid  at  —  20°,  but  it  crystallizes  in  large 
plates  in  a  mixture  of  solid  carbonic  anhydride  and  ether.  It  corrodes 
the  skin.     Its  vapour  bums  with  a  blue  flame. 

Butyric  acid  is  not  altered  by  sulphuric  acid  at  the  oidinary  temper- 
ature, and  is  only  partially  decomposed  when  their  mixture  is  heated. 
Cold  nitric  acid  does  not  attack  it,  but  when  boiled  with  it  for  some 
time  transforms  it  into  succinic  acid : 

2(C*HW)     +     30"     =     2(H«0)    +    2(C*H«0*) 

Ba^cftdd.  Oxygen.  Water.  Snodnio  «dd. 

In  sunlight  dry  chlorine  converts  butyric  acid  first  into  bichloro- 
butyric  acid  and  then  into  quadriohloro-butyric  acid. 

Bromine  does  not  act  on  it  in  the  cold,  but  if  a  mixture  of  these  two 
substances  be  placed  in  a  hermetically-sealed  tube  and  heated  to 
between  150°  and  200°,  hydrobromio  acid  and,  according  to  the 
quantity  of  bromine,  monobromo-  or  bibromo-butyric  acid  are  formed. 
The  latter  is  crystallizable.  In  performing  this  experiment  it  often 
happens  that  carbon  is  deposited,  a  portion  of  the  acid  being  entirely 
decomposed  and  yielding  its  oxygen  to  another  part,  which  is  converted 
into  succinic  acid. 

The  perchloride  of  phosphorus  transforms  butyric  acid  into  chloride 
of  butyryl : 

Batyrlcadd.  Perchloride  Oxjchlortde  Hydrochlorto  Gblorideof 

of  {dKMphomfl.  ofphoephorut.  add.  ba^nryL 

This  chloride  boils  at  95®.  It  is  decomposed  by  water,  butyric 
and  hydrochloric  acids  being  formed ;  when  distilled  with  dry  sodic 
butyrate,  it  furnishes  chloride  of  sodium  and  butyric  anhydride,  which 
is  volatile  at  190°. 

Butyric  acid  is  monobasic  and  monatomic,  and  exchanges  an  atom  of 
hydrogen  for  an  atom  of  a  metal,  or  for  a  radicle  of  a  monatomic 
alcohol,  thus  forming  neutral  salts  or  ethers : 

Neutral  Imtyiate.  Neutral  batyrio  ether. 

When  dry,  batyi-ates  have  no  odour,  but  when  moist  they  smell  like 
butter.  They  are  generally  soluble  in  water  and  crystallizable ;  when 
thrown  upon  water  they  often  present  rapid  g}'ratory  motions. 

\Yhen  butyrate  of  calcium  is  submitted  to  dry  distillation  butyrono 
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QS-Q7  n  passes  over ;  in  this  case  lower  acetones  of  the 
same  series  are  also  produced. 

■g  [  0 1— Prepabation. — ^This  acid  was  first  ex- 
tracted from  the  oil  of  the  porpoise,  which  contains  its  elements ;  later 
it  was  procured  from  valerian  root,  but  now  it  is  always  prepared  by 
oxidizing  amylic  alcohol,  whence  it  is  derived  by  the  substitution  of 
Oforff: 

rnl")    +    8!     -     ifo    +    C^\o) 

Amyllc  aloDboL  Ozygeo.  Water.  Valtricadd. 

The  operation  is  conducted  in  the  following  manner : 

Amylic  alcohol  is  dissolved  in  concentrated  sulphuric  acid ;  this 
solution  is  gradually  poured  into  an  aqueous  solution  of  bichromate  of 
potassium,  and  distilled  when  the  reaction  has  ceased.  An  aqneons 
solution  of  valeric  acid,  covered  by  an  oily  layer  of  valeric  aldehyd, 
parses  over.  The  aldehyd  is  decanted,  and  the  acid  liquid  is  saturated 
by  an  alkaline  carbonate  and  evaporated  to  dryness.  The  alkaline 
valerate  is  then  distilled  with  dilute  sulphuric  acid,  and  the  product 
is  submitted  to  fractional  distillation,  by  means  of  which  it  is  frieed 
from  the  water  it  contains. 

A  mixture  of  one  part  of  amylic  alcohol  and  ten  parts  of  potash- 
lime  may  be  heated  first  to  175^  then  to  200°  for  10  or  12  hours,  until  all 
gaseous  disengagement  ceases.  The  mixture  must  be  protected  from  the 
air  while  cooling  or  it  will  take  fire.  It  is  then  distilled  with  dilute 
sulphuric  acid.  The  product  is  saturated  with  sodic  carbonate  and 
evaporated  to  dryness,  by  which  it  is  freed  from  any  oily  matters  it 
may  contain.  After  this  it  is  distilled  with  sulphuric  acid,  and 
separated  from  the  water  by  additional  rectifications. 

Properties. — Valeric  acid  is  an  unstable,  colourless,  limpid  liquid, 
of  an  acrid,  pungent  taste,  and  a  powerfril  odour  resembling  that  of 
valerian  root;  it  boils  without  decomposition  at  175°,  and  remains 
fluid  at  - 16°.  Its  density  is  0-937  at  16°-6 ;  its  vapour  density  is  3-67. 
It  produces  a  white  mark  on  the  tongue. 

The  vapour  of  valeric  acid  bums  with  a  sooty  flame.  When  a 
valerate  dissolved  in  water  is  decomposed  by  means  of  a  mineral  acidy 
valeric  acid  is  separated  in  the  form  of  an  oily  hydrate  C*H*°0*  +  aq., 
which  boils  at  a  lower  temperature  than  the  normal  acid,  losing  its 
water  by  heat,  and  ihe  density  of  which  (0-950)  is  greater  than  that  of 
the  dry  acid. 

Valeric  acid  mixes  with  alcohol  and  ether  in  all  proportions ;  acetic 
acid  of  the  density  1-07  also  dissolves  it  largely,  but  water  at  12°  only 
dissolves  a  thirtieth  part  of  its  weight ;  therefore  an  alcoholic  solution 
of  valeric  acid  becomes  cloudy  on  the  addition  of  a  small  quantity  of 
water,  but  becomes  clear  again  when  a  considerable  quantity  is  added. 
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Camphor  and  some  of  the  resins  are  dissolved  by  valeric  acid ;  sul- 
phur is  entirely  insoluble  in  it. 

Valeric  acid  is  charred  by  hot  sulphuric  acid,  disengaging  sulphur- 
ous anhydride.  Concentrated  nitric  acid  converts  it  into  nitro-valeric 
acid: 

(C*ff^)      +      (NHO»)       =       (BPO)      +      (C^'(NO«)0«) 

Valeric  odd.  Nitric  odd.  Water.  Nitro-valeric  actd. 

The  vapour  of  valeric  acid,  transmitted  through  a  red-hot  tube  full 
of  fragments  of  pximice-stone,  is  resolved  into  several  gases,  among 
which  may  be  distinguished  carbonic  anhydride,  oxide  of  carbon, 
ethylene,  propylene,  butylene,  and  perhaps  other  hydrocarbides  of  the 
series  C*H**.  Propylene  (C'H*)  appears  to  be  the  most  abundant  of 
these  hydrocarbides. 

When  distilled  with  an  excess  of  baryta,  valeric  acid  also  gives 
gaseous  products,  among  which  are  found  hydrocarbides  of  the  ethylene 
series  (C"H^),  free  hydrogen,  and  perhaps  marsh  gas. 

Chlorine  transforms  valeric  acid  into  products  of  substitution. 
Bromine  does  not  attack  it  in  the  cold,  but  at  100^  it  transforms  it 
into  bromo-valeric  acid. 

Valeric  acid  is  a  bad  conductor  of  electricity,  but  when  potassic 
valerate  in  aqueous  solution,  is  submitted  to  the  influence  of  the  elec- 
tric current,  hydrogen,  carbonic  gas,  and  butylene  (C*H®)  are  dis- 
engaged, and  there  is  produced  at  the  same  time  liquid  dibutyl  (C'H'^) 
which  floats  on  the  sur&ce  of  the  mixed  liquids. 

Valeric  acid  forms  defined  salts  arising  fix)m  the  substitution  of  a 
metal  for  the  typical  hydrogen  the  acid  contains.  These  salts  correspond 

to  the  general  formula  (        M'  i  ^  )' 

Under  the  influence  of  oxychloride  of  phosphorus,  the  valerate  of 
potassium  when  quite  dry  is  transformed  into  valeric  anhydride,  volatile 
at  215°. 

^po"'{ci)   +   e(^l\o)   =   (po'"|o|)  +  3(^4) 

Oxychloride  of  Valerate  of  Pboiphateof  Chloride  of 

jho 


pfaosphorua.  potaasiom.  potoaaiiim.  potassium. 

Valeric  anhydride. 


/C»H»0 )  q\ 


The  valerates  when  dry  are  without  odour,  but  when  moist  they 
have  a  strong  smell  of  valeric  acid.  They  possess  the  property  of 
gyrating  on  the  surfEM^e  of  water,  and  many  of  them,  especially  the 
alkaline  valerates,  have  a  sweet  taste. 

Benzoic  Acid  (^^^  ]  o)-— ^«Ji«)ic  acid  has  long  been  known,  and 

is  obtained  in  a  number  of  reactions. 
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Fbepabation. — 1st.  Benzoic  'acid  is  extracted  from  the  resin  of  ben- 
zoin, in  which  it  exists  ready  formed.  To  effect  this,  500  grammes  of 
the  cofiursely-powdered  resin  are  placed  in  an  iron  vessel  of  from  10  to 
12  inches  in  diameter  and  1  to  2  inches  in  depth.  The  vessel  is 
tightly  coyered  with  a  sheet  of  bibulous  paper,  above  which  is  fitted  a 
cylinder  of  cardboard  about  the  size  of  a  man's  hat,  open  at  the  lower 
part  but  closed  at  the  top.  The  vessel  is  then  heated  in  a  sand-bath 
at  a  moderate  temperature  for  three  or  four  hours.  The  benzoic  acid  in 
vapour  passes  through  the  diaphragm  of  bibulous  paper,  and  is  crystal- 
lized in  the  cardboard  cylinder,  while  the  diaphragm  retains  the  oily 
and  empyreumatic  products. 

This  process  is  far  from  giving  all  the  benzoic  acid  contained  in 
the  benzoin.  A  better  method  consists  in  boiling  the  powdered  resin 
for  several  hours  with  milk  of  Hme,  filtering  and  concentrating  the 
liquid,  and  then  precipitating  by  hydrochloric  acid.  The  benzoic  acid 
which  is  deposited  should  be  purified  by  sublimation  or  by  crystalliza- 
tion from  boiling  water. 

2nd.  Benzoic  acid  having  of  late  years  become  an  article  of  commerce, 
it  is  now  manufactured  from  the  urine  of  the  herbivora,  which  contains 
hippuric  acid.  To  effect  this,  the  urine  is  boiled  with  hydrochloric 
acid,  and  allowed  to  cool,  when  benzoic  acid  is  deposited  in  crystals, 
and  has  only  to  be  purified  by  solution  in  boiling  water  and  a  second 
crystallization.  The  urines  from  which  the  benzoic  acid  is  deposited 
hold  glyoocol  (glycolamidic  acid)  (C"N*HO*^  in  solution. 

CTB[*0'  I 
H  I 

Hippuric  add  (benzo-glyooool). 


+  g}o   - 

u 

H 

Water. 

GlycoooL 

+  r^h) 

Bensoicadd. 

3rd.  MM.  Lauth  and  Grimaux  have  found  that  considerable  quan- 
tities of  benzoic  acid  are  obtained  when  monochlorinated  toluene 
(chloride  of  benzyl)  is  oxidized  by  nitric  acid. 

The  two  first  methods  of  preparation  are  the  only  ones  used  in 
manufactures,  but  that  of  MM.  Lauth  and  Grimaux  deserves  to  replace 
them. 

Besides  these  processes,  benzoic  acid  may  also  be  obtained  by  the 
following  methods. 

4th.  Benzoic  aldehyd  (essential  oil  of  bitter  almonds),  extracted  from 
bitter  almonds  by  distilling  them  with  water,  oxidizes  in  the  air  and 
is  thereby  converted  into  benzoic  acid : 

2(C'H«0)       -I-      gl       =        2((7H«0«) 

Benaoic  aldebyd.  Oxygen.  Bmaoic  add. 
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5tli.  Trichlorinated  toluene  is  transformed  into  benzoate  and  chlo- 
ride of  potassium  when  heated  with  a  conoentrated  solution  of  potassio 
hydrate  in  alcohol  (Naquet) : 


TcffCl") 

Trichlorinated 
toluene. 


+ 


^djo)  -  r-gfo) 


+ 


Fotusic  hydrate. 


+ 


Benzoate  of 
potanlam. 


(ih) 


Chloride  of 
potaaaiam. 


Water. 


6th.  Benzoic  acid  is  formed  when  water  acts  on  the  chloride  of 
benzoyl,  and  this  latter  is  obtained  by  the  reaction  of  benzine  in  vapour 
on  the  oxychloride  of  carbon  (Hamitz-Hamitzky) : 


(C«H«) 

BensiDe. 


+ 


Chloride  of  benzoyL 


H§)  -  C™'<"Si}) 


Oxychloride  of 
carbon. 


+  H 


Water. 


Chloride  of  benzoyl. 


+  S} 

Hydrochloric 
add. 


fo     = 


Hydrochlorio 
add. 


Benxolcacld. 


7th.  Benzoic  acid  is  produced  in  a  number  of  reactions,  as  in  the 
oxidation  of  cumene,  ethyl-benzine,  cinnamic  aldehyd,  cinnamio  acid, 
cinnamene,  casein,  gelatine,  etc.,  etc.* 

*  Hofmann  has  just  diacoyered  a  veiy  alegant  synthetical  process,  by  means  of 
which  he  has  prepared  benzoic  acid  and  all  its  tme  homologaes,  as  well  as  a  new 
acid  (O^^H^')  which  beais  the  same  relation  to  naphthalin  that  benzoic  add  does  to 

benzine,  that  is  to  say,  it  is  derived  from  naphthalin  by  the  snbstitation  of  f  0  |  qtt  ) 

for  H.  To  eifect  this,  Hofmann  prepares  the  compound  ammonias  which  are  derived 
from  the  fundamental  hydrocarbides,  benzine,  toluene,  naphthalin,  etc  (he  uses  the  bases 
analogous  to  aniline,  and  not  tobenzylamine  and  itshomolognes),  and  then  distils  these 
bases  with  oxalic  acid.  One  molectde  of  oxide  of  carbon  is  detached  from  this  acid 
and  unites  with  the  typical  hydrogen  of  the  base,  to  form  formyl  (COH),  and  phe- 
nylic,  cresylio,  or  naphthylic,  etc,  formamide  is  produced.  The  compound  formamide 
thus  obtained  is  deprived  of  H^O  by  distillation,  and  gives  the  cyanide  of  its  phenic 
radicle.  By  boiling  with  an  alcoholic  solution  of  potash,  these  cyanides  fttmish  the 
salts  of  the  acid  sought  for.    The  following  are  the  reactions  just  described  : 


1st. 


r^U) .  (^}o.) 


Naphthylamine. 


Oxalic  acid. 


rir) 

Naphtbyl- 
formamide. 


+      CO«       +    H>0 


Carhonic 
anhydride. 


Water. 


2nd. 


(COHJN) 

Naphthyl. 
fonnamlde. 


=     H»0      +      (CWH70N) 


Water. 


Cyanide  of 
lu^ibyl. 
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Propektirs. — ^Benzoic  aoid  orystallizes  in  plates  or  in  tnnsparent 
flexible  needles ;  it  has  an  agreeable  odonr  resembling  that  of  benzoin, 
and  an  acrid  acid  taste.  It  melts  at  120°,  sublimes  at  145%  and  boils 
withont  decomposition  at  239^;  its  Taponrs  are  acrid  and  excite 
coughing.  It  dissolves  in  twice  its  weight  of  boiling  water,  bat 
requires  two  hundred  times  its  weight  of  cold  water  for  solntion: 
alcohol  and  ether  readily  dissolve  it. 

Concentrated  sulphnric  dissolves  benzoic  acid,  but  water  precipi- 
tates the  latter  from  this  solution.  Nordhansen  snlphnrio  acid,  and 
especially  snlphnrio  anhydride,  convert  benzoic  into  snlphobenzoic 
acid.  As  this  latter  forms  a  salt  of  barium  which  is  soluble  in  water, 
it  may  be  readily  separated  from  any  excess  of  sulphuric  anhydride.  To 
effect  this,  it  has  only  to  be  dissolved  in  water,  the  solution  preci- 
pitated by  baryta,  and  a  current  of  carbonic  gas  transmitted  through 
it  to  eliminate  the  excess  of  hydrate,  and  then  filtered  and  left  to 
evaporate,  when  the  sulphobenzoate  of  barium  crystallizes : 

f'"^)o)     +     (S0«"0) 

Benioio  add.  Snlphiuic  tnliydridek 

=      (C^'(SOK)HJ'Jo)      =      (((7H^)"|gD 

' , . 

Solphobeiuolc  acid. 

Concentrated  nitric  aoid  transforms  benzoic  into  nitrobenzoic  acid, 
and  a  mixture  of  sulphuric  and  nitric  acids  converts  it  into  binitro- 
benzoic  acid : 

B6Daolo«dd.  Mltrioadd.  Nltrobeniolo  add.  Walpr. 

Benaolc  add.  Nitric  add.  BInitroberaolc  add. 


+  K?!") 


Water. 


Nitrobenzoic  acid  gives  oxybenzamic,  improperly  called  benzamic 
acid,  when  submitted  to  the  influence  of  reducing  agents  : 


Srd.    (0»«H70N)      +       (h}0)      +      (h}^)       =      (^1^) 

Qyuiideof  Potaafa.  Water.  Ammonia. 

napbthyL 


Salt  of  new  add. 
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/CaiXNO*)0)  q\ 


BeiiKamio  acid. 


+ 


(SI)  = 


/cm*o" 


Hydrogen. 


Oxybcnzaniic  acid. 


+ 


(§i«) 


Water. 


In  stinlight,  chlorine  appears  to  give  snbetitntion  products  with 
benzoic  acid.  The  monochlorinated  derivative  is  moreover  easily 
obtained  by  heating  benzoic  acid  with  perchloride  of  antimony. 

Bromine  does  not  act  on  benzoic  acid  in  the  cold,  bnt  it  converts 
benzoate  of  silver  into  bromobenzoic  acid.  This  latter  gives  oxyben- 
zamic  acid  by  the  action  of  ammonia  (Alezeief)  : 


(C^H^AgO*)      +      Br» 

Benzoate  of  silver.  Bromine. 


=     (AgBr)      -f      (C'H'BrO*) 


Bromide  of 
silver. 


(C^*BrO*)      +      2(NIP)       = 

Bromobenxoic  acid.  Ammonia. 


(C'ffNO') 

Oxybenxamlc  acid. 


Bromobenioic  add. 

+       (NH*Br) 

Bromide  of 
ammoniam. 


Submitted  to  the  influence  of  nascent  hydrogen,  benzoic  acid  is 
I'educed,  part  into  benzoic  aldehyd  (Kolbe)  or  benzylio  alcohol 
(Friedel),  and  part  fixes  H?,  giving  a  new  acid,  the  hydrobenzoic : 


Benzoic  acid. 


+ 


H 
H 

Hydnigen. 


}  =  ih 


H 
H 

Water. 


+ 


Benzoic  aldehyd. 


r^}o)  +  Kg})  -  i(o  +  fsjo) 


Boizoicadd. 


Benzoic  add. 


2 

Hydrogen. 

+ 


H 
H 

Water. 


Benzyllc  alcohol. 


1} 

Hydrogen. 


=  ( 


,^0J  o) 


Hydrobenzoic  add. 

Distilled  with  an  excess  of  lime  or  baryta,  benzoic  acid  is  split  up  into 
carbonic  anhydride  and  benzine  (CH*)  ;  the  same  division  takes  place 
when  vapours  of  the  acid  are  transmitted  through  a  red-hot  tube,  or 
when  one  part  of  the  acid  is  distilled  with  five  or  six  parts  of  finely- 
powdered  pumiccHstone : 

(C'HW)       =       (C0»)       +       (C«H«) 

Benzoic  add.  Carbonic  Benzine. 

anhydride. 

When  benzoic  acid  is  treated  with  perchloride  of  phosphorus,  chloride 
of  benzoyl  is  produced  : 


f«5)o)  +  (pci')   =  (m-o)  +  g}  4- 


Benzoic  add. 


Perchloride 
of  phoaphorns. 


Oxychloride 
ofphoapbonu. 


Hydrochloric 
add. 


Chloride  of 
bensoyL 
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This  chloride  boils  at  196®.  When  distilled  with  diy  benzoate  of 
sodiuiD,  it  gives  benzoic  anhydride,  which  is  a  crystallizable  body, 
fusible  at  42®,  and  volatile  withont  decomposition  at  310^ : 

C^))  +  C^}o)   -   I]  +'(g??}o) 

ChloTl(l«  of  Bemoafee  of  potaniam.  Chloride  Benxdc  anhydride, 

becxoyl.  of  potassium. 

Benzoic  acid,  on  reacting  with  bases,  exchanges  its  typical  hydrogen 
for  a  metal,  forming  salts  which  correspond  to  the  general  formula 

Most  of  the  benzoates  are  soluble  in  water.  Benzoic  acid  is  precipi- 
tated from  their  solutions  by  the  soluble  mineral  and  organic  acids. 
Benzoate  of  calcium  submitted  to  dry  distillation  yields  benzophenone 
((?»H»^),  benzine  (C«H«),  diphenyl  (C"H'°),  and  a  hydrocarbide  isomeric 
with  naphthalin  (C*^'). 

Benzoic  acid  readily  etherifies  the  alcohols  under  the  action  of  a 
current  of  hydrochloric  acid  gas. 


Appendix  to  Benzoic  Add, 

Hippnrio  Add. — Hippnric  acid  is  found  combined  with  soda  or 
ammonia  in  the  urine  of  the  herbivora ;  it  is  also  found  in  human  urine, 
but  in  much  smaller  proportion.  The  quantity  is  said  to  be  increased 
in  some  diseases,  such  as  diabetes  and  Saint  Vitus'  dance ;  it  is  also 
increased  by  the  ingestion  of  certain  substances  such  as  benzoic  acid, 
benzoic  ether,  benzoic  aldehyd  and  cinnamic  acid.  It  cannot  be  doubted 
in  this  case  that  the  hippuric  acid  is  owing  to  the  benzoic  acid  taken 
into  the  system,  for  if  one  of  its  homologues  be  eaten  instead  of  it, 
toluio  acid  for  instance,  the  urine  contains  a  homologue  of  hippuric 
acid. 

When  horses  have  been  worked  hard,  their  urine  conlains  benzoic 
instead  of  hippuric  acid. 

Preparation. — Ist.  Hippuric  acid  may  be  obtained  by  the  reaction 
of  chloride  of  benzoyl  on  argentic  or  zinc  glycocol  (Dessaignes) : 

(C«H*AgNO«)     +     (CrH*OCl)     =     (AgCl)     +     (CH^O*) 

Argentine  glyoocoL  Chloride  of  beDzojl.  Chloride  of  Hippuric  add. 

silver. 

2nd.  But  it  is  generally  procured  from  the  urine  of  the  cow. 
According  to  Gregory,  the  best  method  of  effecting  this  consists  in 
adding  milk  of  lime  to  the  fresh  urine,  boiling  for  a  few  minutes, 
filtering,  and  evaporating  to  one-tenth  of  the  original  quantity.  The 
liquid  thus  concentrated  is  supersaturated  with  hydrochloric  acid  ;  on 
cooling,  it  furnishes  abundant  crystals  of  impure  hippuric  acid,  which 
must  be  purified  by  being  transformed  into  a  salt  of  calcium. 
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Properties. — Hippuric  acid  OTystallizes  in  large  brilliant  crystals 
belonging  to  the  rhombic  system,  of  a  density  of  1  *  308.  It  has  a  bitter 
taste  and  requires  600  parts  of  water  at  0°  for  its  solution,  but  it  is 
soluble  in  a  much  smaller  proportion  of  boiling  water.  Its  aqueous 
solution  reddens  litmus  slightly.  Aoohol  readily  dissolves  it,  but  in 
ether  it  is  nearly  insoluble,  as  it  also  is  in  water  acidulated  with 
hydrochloric  acid. 

It  melts  at  a  gentle  heat,  boils  at  240^  with  decomposition,  forming 
benzoic  acid,  cyanide  of  phenyl,  charcoal,  and  a  product  which  has  a 
strong  smell  of  hydrocyanic  acid,  j 

Treated  with  boiling  dilute  mineral  acids,  hippuric  acid  fixes  water 
and  is  converted  into  glycocol  and  benzoic  acid : 


K1]k 


L     H     _ 
cmH) 

H 

mpiniTlc  aciiL 


+  i!o  = 


Water. 


H 

Olyoocol. 


N 


+  ri]  0) 


Bemoicftdd. 


Boiling  alkaline  solutions  give  rise  to  the  same  division,  the  benzoic 
acid  then  remaining  in  the  state  of  a  benzoate. 

Nitrous  acid  converts  hippuric  into  benzoglycolic  acid,  water  and 
free  nitrogen : 


n 


CTHK)" 
H 

H 

mpparlc  add. 


N 


+  CS}o)  -  SI  +  S}o 


Nitrons  add. 


KttrognL 


Water. 


H 

Benioglyoolic  add. 


}.) 


Boiled  with  oxidizing  agents,   such   as  peroxide  of  lead  (FbO^), 
hippuric  acid  gives  water,  carbonic  anhydride  and  benzamide  (Feliling) : 


2((?H»N0») 

Uipparlc  add. 


+     30*     =     2(H'0)     +     4(CO0    +    2(C^'N0) 

Oxygen.  Water.  Carbonic  Benxamida 

anhydride. 


An  aqueous  solution  of  sodic  phosphate  dissolves  hippuric  acid  so 
largely  ^at  the  solution  loses  its  alkidine  reaction  and  becomes  acid. 
This  explains  the  acidity  of  the  fresh  urine  of  man  and  animals. 

Hippuric  acid  exchanges  an  atom  of  hydrogen  for  monatomic  metals, 
forming  salts  the  general  formula  of  which  is  (C'H*M'NO"),  and  which, 
^hen  distilled  with  an  excess  of  lime,  give  benzine  and  ammonia* 

2  p 
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Constitution  of  Hippuric  Acid. — ^Hippuric  acid  is  a  secondary  amide 
deriTed  from  a  molecule  of  ammonia,  one  atom  of  the  hydrogen  of  which 

is  replaced  by  the  monatomic  residue  of  gly colic  acid  I        TTi^J  ^^^ 

ihe  other  by  benzoyl  (CTB*0)  :  all  its  reactions  are  well  explained  by 
this  hypothesis. 

It  is  the  same  with  its  synthetical  production  by  means  of  the 
chloride  of  benzoyl  and  the  argentic  salt  of  glycocol.  But,  as  the 
atom  of  hydrogen  which  in  this  salt  is  replaced  by  silver  is  not  the 
same  as  that  which,  in  hippuric  acid,  is  replaced  by  benzoyl,  it  must 
be  supposed  that  the  reaction  is  accompliished  in  two  stages.  In  the 
first,  the  chloride  of  benzoyl  in  reacting  on  argentic  gljcocol  would 
produce  hippurate  of  silver  and  hydrochloric  acid,  and  in  the  second 
this  hydrochloric  acid  acting  on  the  hippurate  of  silver  would  form 
hippuric  acid  and  chloride  of  silver : 


1st 


rc^«o" 


So] 


H 
H 

AiipcDtic  glyooooL 
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^  rsD 


Chloride  of  benxoyl. 

CHK)"!^"!!     1 

^l    J    N 
C'H'Oj 

hI 

Hippurate  of  silver. 
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Hydroditorlc 
idd. 


2nd. 


L        ^8<     J     N 
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Hippurate  of  silver. 


+  S}  - 
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.      Ag) 
+    CI  f 

Chloride  of  sil\*eT. 
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Hippuric  add. 


BIATOMIC  ACIDS. 

These  acids  are  derived  from  biatomic  alcohols  by  the  substitution  of 
0  for  ff,  when  they  contain  three  atoms  of  oxygen  and  are  only  mono- 
basic ;  or  by  the  substitution  of  0'  for  H^  when  they  are  bibasic  and 
contain  four  atoms  of  oxygen. 

Afl  to  each  series  of  hydrocarbides  there  corresponds  a  series  of 
monatomic  alcohols  and  a  series  of  monatomic  acids,  so  also  to  each  of 
these  same  series  of  hydrocarbides  there  corresponds  a  series  of 
glycols,  a  series  of  biatomic  and  monobasic  acids,  and  a  series  of 
biatomic  and  bibasic  acids. 


BIATOMIC  AND  MONOBASIC  ACIDS.  679 

Hydeocarbides. 

CBVH^,        C"H2».  C"H«"-«.        C-H"*-*.        C'lP"-*,        0"H»»-« 

Glycols. 
C"H*»-HK)».    C»IP»0».       C"IP"-=0»,    C"H«"-^0*,    C"KP»-«0»,     C"H2»-«02. 
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0"IP»08.       C"H2*-»(>\    C»H«»-K)8,    C»H*'^Os,    0"H"-«0»,     C»IP"-»oO>. 

BlATOMIC  AND  BlBASIC  ACIDS. 
C"H2»-»CH,    C"H'*-^CH,    C"IP»-«0<,    CIF'-SO,    0"IP»-»»CH,    0"H»*-"0*. 


BlATOMIC    AKD    MONOBASIC    ACIDa 

The  only  well-studied  acids  of  this  class  are  those  which  correspond 
to  the  general  formnlaa  C'TPHD"  and  CH** ""  '0',  that  is  to  say,  those 
belonging  to  the  series  of  fatty  acids  and  to  the  aromatic  series.  A 
few  others  are  known,  but  they  have  been  very  imperfectly  studied. 

Preparation. — First  Process. — These  acids  are  prepared  by  submit- 
ting to  the  action  of  nitrous  acid  certain  amides,  such  as  glycocol  and 
analogous  bodies,  obtained  either  by  the  action  of  ammonia  on  the 
monobrominated  derivatives  of  monatomic  acids,  or  by  the  reduction 
of  nitrogenized  monatomic  acids ;  water  and  nitrogen  are  produced  at 
the  same  time : 

Glycocol  Nitrou  add. 

Glyoolic  add.  Nitrogen.  Water. 

Second  Process. — These  acids  are  also  obtained  by  causing  moistened 
oxide  of  silver  to  act  on  the  monochlorinated  or  monobrominated  de- 
rivatives of  the  monatomic  acids  of  the  same  series  : 

2(C*H7Br0«)  +  (Ag*0)  +  (H«0)   =   2(AgBr)  -f  2(C*H«0') 

Bromobntyric  add.  Oxide  of  Water.  Bromide  of  Oxylmtyric  add. 

■ilver.  sityer. 

The  oxide  of  silver  may  be  replaced  by  caustic  potash  in  this  re- 
action. 

This  process  does  not  succeed  in  the  aromatic  series,  because  the 
chlorinated  or  brominated  acids  knoMm  in  this  series  contain  tlicir 
chlorine  or  bromine  in  the  principal  chain  (see  Phenols). 

2  !•  2 
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Third  Process, — ^The  ooiresponding  glycols  are  oxidized  by  means  of 
platinum  black,  care  being  taken  that  the  oxidation  proceeds  slowly  : 

CTW  +  81  -  Ho  +  r'^]<') 

Vnpj]f^jcol  OjTsen.  Water.  Lactic  add. 

But  when  the  glycols  have  a  molecnle  that  is  at  all  complicated^ 
this  cannot  resist  the  oxidation ;  an  atom  of  carbon  and  two  atoms  of 
hydrogen  are  separated  in  the  state  of  water  and  carbonic  anhydride, 
and  instead  of  the  acid  corresponding  to  the  glycol  employed,  that 
which  corresponds  to  the  glycol  of  the  lower  series  is  obtained. 

Thns  the  oxidation  of  amylglycol,  instead  of  giving  oxyvaleric  acid, 
gives  oxybutyric. 

Fourth  Process, — The  monochlorhydrin  of  a  glycol,  when  heated  with 
an  alcoholic  solution  of  cyanide  of  potassium,  gives  chloride  of  potas- 
sium and  a  cyanhydrin.  If  this  cyanhydrin  be  boiled  with  an  alcoholic 
solution  of  potash,  a  disengagement  of  ammonia  takes  place,  and  there 
remains  in  solution  the  potassic  salt  of  an  acid  which  corresponds  to 
the  glycol  one  degree  higher  than  the  one  employed.  Thus,  from  the 
chlorhydrin  of  the  glycol  (CH^O"),  lactic  acid  ((?H«0»)  is  obtained, 
which  corresponds  to  propylglycol  (C"HH)*) : 

...(O^-JOH)    +    (I,)    .    (C,i..p    +    I] 

ChlorbydrinofglycuL  Potatido  Pyanfajdrin  of  glyooL  Potaarfc 

cjanlde.  ^lorlde. 

^(c^-  (S?)  +  (1}  0)  +  (if  0)  -  (0^-  &) 

Qjanhydiln  of  glycol.  rotaah.  Water.  Lactate  of  potaarfnm. 

"  (11") 

Ammonia. 

Fifth  Process, — ^When  the  bichlorides  of  the  radicles  of  these  acids 
are  acted  on  by  water,  they  are  transformed  into  corresponding  mono- 
chlorinated  monatomio  acids,  hydrochloric  acid  being  disengaged. 
Therefore,  as  the  bodies  in  question  can  be  prepared  from  these  mono- 
chlorinated  acids,  it  is  evident  that  to  accomplish  the  synthesis  of  the 
chlorides  of  their  radicles  is  to  accomplish  their  own.  Lippemaim  has 
effected  this  synthesis  by  directly  fixing  the  oxychloride  of  carbon  on 
certain  non-saturated  hydrocarbides : 

(iJW^)     +     (CO"CP)     =     (^'^'ci^}) 

Amylene.  OzTchlorlde  of  Chloride  of 

carbon.  leucyL 

This  reaction  is  entirely  different  from  that  which  furnishes  the 
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monatomio  aoids  by  meanjs  of  the  oxychloride  of  carbon.  This  latter 
is  a  double  deoomposition,  while  that  just  given  is  merely  a  dii-ect 
addition. 

Sixth  Process, — ^When  a  mizttire  of  an  aldehyd,  water,  and  hydro- 
cyanic aoid  is  left  alone  for  some  time,  there  is  formed  the  ammoniacal 
salt  of  a  biatomic  and  monobasic  acid  of  a  series  higher  by  one  degree 
than  that  of  which  the  aldehyd  forms  part.  The  addition  of  hydro- 
chloric acid  greatly  assists  the  reaction,  and  is  even  sometimes  indis- 
pensable. 

Acetones  may  be  snbstituted  for  aldehyds  in  this  process : 


(CrBX>) 


Benxolo 
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(cm^,  +  (^j)  +  2^}o)   =   ( 


Ordinary 
aldehyd. 


Hydrocyanlo 
add. 


Water. 


Lactate  of  ammonium. 


Seventh  Process, — ^In  the  aromatic  series,  monobasio  biatomic  acids 
are  obtained  by  transmitting  a  current  of  dry  carbonic  anhydride 
through  a  slightly-heated  phenol,  holding  sodium  in  solution.  In  this 
case  there  is  formed  the  sodic  salt  of  an  acid  which  differs  from  the 
phenol  employed  by  the  addition  of  CC : 


(o-i-g) 
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Eighth  Process. — By  causing  the  zinco-alcoholic  compounds  (zinc- 
ethyl  and  zinc-methyl)  to  react  with  the  oxalate  of  ethyl,  Frankland 
has  succeeded  in  replacing  an  atom  of  oxygen  in  the  radicle  oxatyl, 
either  by  two  atoms  of  ethyl  or  of  methyl,  or  by  one  of  each.  He  has 
thus  obtained  the  zinco-ethylic  deriyatives  of  acids  of  the  series 
C'n^O".  These  compounds,  when  submitted  to  the  action  of  water, 
give  hydrate  of  zinc  and  the  ethers  of  these  acids,  from  which  they 
may  be  extracted  by  saponification  : 


:^2 
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In  these  processes  the  zinco-alooholic  compounds  may  be  replaced 
by  a  mixture  of  zinc  and  a  hydriodic  ether. 

Are  the  adds  obtained  by  these  dififerent  processes  identical  or  iso* 
meric  ?  The  question  is  not  yet  positively  decided,  but  it  is  probable 
that  the  acids  prepared  by  Frankland's  method  differ  from  those 
obtained  by  the  other  methods. 

As  to  these  latter,  cases  of  isomerism  appear  also  to  have  been 
observed  among  them.  Under  the  name  of  lactic  acid,  two  acids  are 
known,  each  of  which  answers  to  the  formula  (C'H'O*) :  one  exists  ready 
formed  in  the  flesh  of  animals,  and  is  therefore  called  sarko-lactic  acid ; 
the  other  is  produced  by  a  particular  fermentation  of  sugar  of  milk. 

Wialicenus  has  recently  discovered  that  the  acid  obtained  by  the 
action  of  potash  on  the  oyanhydrin  of  glycol  is  identical  with  sarko- 
lactic  acidy  while  that  obtained  by  means  of  the  aldehyd  is  identical 
with  the  lactic  acid  of  fermentation. 

This  isomerism  may  be  accounted  for  by  supposing  that  sarko-lactio 
acid  answers  to  the  foimula  : 
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,  and  ordinary  lactic  acid  to  the  formula : 


It  is  therefore  not  a  matter  of  indifference  which  mode  of  preparation 
is  used;  but  at  present  it  is  not  exactly  known  which  acids  the 
several  methods  furnish.  This  subject  is  worthy  of  further  inves- 
tigation. 

PsoPBRTiES. — Ist.  Though  biatomic,  the  acids  of  this  group  are  only 
monobasic.  Only  one  of  their  two  atoms  of  typical  hydrogen  has  well- 
defined  basical  properties;  the  second  is  alcoholic  hydrogen  in  the 
fatty  series,  and  phenio  (see  Phenols)  or  alcoholic  in  the  aromatic 
series.  These  acids  may  therefore  be  regarded  in  the  first  of  these  series 
as  half  acids,  half  alcohols.  In  the  second,  they  should  be  considered 
sometimes  as  half  acids,  half  phenols,  and  sometimes  as  half  acids,  half 
alcohols.  Thus  creosotic  acid  (C^H'Of)  contains  an  acid  hydrogen 
and  a  phenic  hydrogen,  while  its  isomer,  formobenzoilic  acid,  contains 
an  acid  hydrogen  and  an  alcoholic  hydrogen.  However,  although  their 
typical  hydrogen  cannot  be  replaced  by  positive  metals  under  the  in- 
fluence of  powerful  bases,  such  as  the  h^'drate  of  potassium  or  sodium, 
it  seems  possible  to  substitute  certain  negative  elements  such  as  tin 
and  copper. 

2nd.  When  acted  upon  by  the  perchloride  of. phosphorus,  these  acids 
and  their  salts  produce  a  bichloride  of  their  radicle : 


(C'H'0")*1 

Ca" ,  0* 

lactate  of  calciom. 

+ 

4(PC1») 

Perchloride  of 
phospbonw. 

4(PC1'0) 

Oxyclilorlde 
of  pljospborus. 

Hydrochloric 
acid. 

+ 

Ca'M 
Cl»f       + 

Chloride 
of  calcium. 

Chloride  of  lactyL 

This  reaction  is  not  however  invariable.  I  have  shown  that, 
under  the  influence  of  the  perchloride  of  phosphorus,  thymotic  acid 
only  loses  the  elements  of  water,  giving  rise  to  a  very  stable  anhy- 
dride : 

Cc"H"0')    +    ('PCl*)    =    ("PCPO)    +    2(Jj})    J-    (C"ff«0*) 


Thymotic  aci  J. 


Perchloride 
of  phofphoruB. 


Oxychloride  of 
pbosphoroa 


Hydrochloric 
add. 


ThymoUde. 


Gerliardt  had  also  previously  observed  that  hydrochloric  acid  and 
an  anhydride  of  salicylic  acid  are  produced  when  this  latter  acid  is 


684  PBINCIPLES  OP  CHEMISTBT. 

submitted  to  the  action,  not  of  the  perchloride,  but  of  the  ozychloiide 
of  phosphoms : 

aJ^C'H^y)  +  (PCI-O)  =  (PHK)*)    +    ^(c]\)    +    3((7H*0«) 

SolicyUc  add.  Oxrchloiide  Fbo«phoiio  HTdroehlorlo  SaUcjUde. 

ofptaoapbonu.  add.  add. 

It  has  been  seen  that  the  ethers  of  biatomio  and  monobasic  adds 
prepared  by  Frankland's  process  lose  HX)  under  the  influence  of  Ur- 
chloride  of  phosphorus,  and  are  converted  into  the  ethers  of  acids  of 
another  series : 

3((?H"(C'H»)0»)      +    (POP)       =       (PHW)      +      3(HC1) 

Leucateofetlqrl.  Terchloiida  Fboaphoroiu  Bydrodiiarie 

of  phospboma.  add.  add 

+      (C«H»(C"H*)0«) 

Ktliylic  ettiyl-Grotaiuite. 

3rd.  These  chlorides,  on  contact  with  water,  are  transformed  into 
hydrochloric  acid  and  a  mouatomio  chlorinated  acid  of  the  same 
series : 


+ 

H    " 

-  §!  + 

(o»H»C10*^ 

Chloride  of  lactjL 

Water, 

Hydrodilorio 
add 

Gbloio-propioiilc 
add. 

The  monochlorinated  acid  thus  obtained  may  undergo  inverse  sub- 
stitution under  the  influence  of  nascent  hydrogen.  We  then  pass  from 
one  acid  with  three  atoms  of  oxygen  to  another  which  only  contains 
two  atoms  of  this  metalloid. 

The  reaction  jus^t  mentioned  may  be  easily  explained :  the  chlorides 
of  alcohol  radicles  resist  the  action  of  water ;  those  of  acid  radicles  are 
entirely  decomposed  by  this  liquid.  The  biatomic  and  monobasic  acids 
participate  both  in  the  properties  of  alcohols  and  of  acids ;  their  chlo- 
rides therefore  should  be  partially  decomposed  by  water. 

4th.  AVhen  treated  with  alcohol,  these  chlorides  yield  hydi-ochloric 
acid,  and  the  residue  of  alcohol  (C^H'O),  equivalent  to  HO,  and  conse- 
quently to  CI,  is  substituted  for  an  atom  of  chlorine : 

(cm^o-jgi)  +  (CH'jo)   =   (c-H^o-jg^.)  +  S} 

Chloride  of  lactyL  Alcohol.  ChloTo-ladlc  ether.  Hydrodilorio 

The  body  thus  produced,  according  to  whether  we  regard  its  rela- 
tions with  the  acid  whence  it  is  derived  or  with  the  monatomic  acid 
of  the  same  series  as  itself,  may  either  be  called  lactic  ethyl-chlorhy- 
drin,  or  chloro-propionic  ether.  In  reality,  it  is  derived  from  the 
lactate  of  ethyl  by  the  substitution  of  CI  for  OH,  or  from  the  pro- 
pionate of  ethyl  by  the  substitution  of  CI  for  H: 
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C         i  C 


H  ^  Q  CT-T^C  I     I     i      I  )  fl)    ® 


c 

®   ®   ®(l      I     t~=Tl 


amzmD®  ® 


JqO  «  H 


'4 


H 

Lactate  of  etbyL 


c       JL      c 


c 


(I    I    I    nfi)  ® ( I    I    i — n 
OCT— nn— I    I    i)(D  ®  ® 

_  0  O  0         -^  CI 


I—n®  ®     ^ 

c       -g- 

LagUc  etfayl-chlorhydiin,  or  chloro-propionate  of  etbyl. 


0 


n  cT-nrx  ■    I    i    I )  fl)  ®  ® 


®  ®  fl)Ci     i     i  -n-Q  H 


Fropioiiate  of  etbyL 


5th.  Under  the  influenoe  of  potash,  these  ethyl-chlorhydrins  are 
transformed  into  a  potassic  salt  of  the  original  acid  with  chloride  of 
potassium  and  alcohol : 

(C-H^'{0C«H')    +      2^}0)     =     (C-H^0"{8I)    +    Cl} 

Chloraoetio  etlier.  Potaab.  Potaaaic  lActate.  Chloride 

ofpotaaaluBL 

+  n» 

Alfidiol. 

^th.  K  the  ethjlate  of  sodinm  be  made  to  react  on  these  ethyl-chlor- 
hydrins, the  residue  (CH^O)  is  substituted  for'  the  chlorine,  and  a 
diethylio  ether  of  the  original  acid  is  obtained : 

Ghloraoetlc  acid.  EthyUteof  aodlum.  Chloride  Dfethylic  lactate. 

of  sodinin. 

7th.  The  diethylic  ethers  of  these  adds,  acted  upon  by  potash,  give 
alcohol  and  the  alkaline  salt  of  an  acid  ether,  which  an  excess  of 
alkali  does  not  saponify,  and  which  may  be  easily  separated  from  its 
salt: 
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DIethylic  lacta'e.  Fotaah.  Ett^rl-lActofce  of  potanlum.  AlooboL 

It  will  be  readily  supposed  that  the  second  molecule  of  ethyl  cannot 
be  eliminated  by  means  of  potash,  as  the  acids  in  question  are  not 
capable  of  forming  dipotassic  salts. 

8th.  On  causing  the  acids  of  this  class  to  act  directly  on  alcohol,  or 
by  distilling  one  of  their  salts  with  an  alkaline  sulphovinate,  a  neutral 
raonethylio  ether  is  obtained  which  is  isomeric  with  the  acid  mon- 
ethylic  ether  the  mode  of  formation  of  which  has  just  been  described : 


OK) 


(so-jo^-)    +    (<m-(yj8|)    =    (so-{g| 

Fotonlc  ithyl-suipbttto.  Potanic  lactate.  Henttal  aolpbafte 

pfpotMrinm. 


Monethylic  lactate. 

It  must  be  supposed  that  in  these  ethers  which  possess  acid  pro- 
perties, ethyl  is  substituted  for  the  alcoholic  hydrogen,  while  in  those 
that  are  neuti*al,  the  ethyl  is  substituted  for  the  positive  hydrogen. 
This  is  shown  by  the  last  equation,  in  which  the  ethyl  is  seen  to  be 
substituted  for  potassium. 

9th.  Neutial  monethylic  ethers,  submitted  to  the  action  of  metallic 
potassium,  disengage  hydrogen  and  give  rise  to  potassic  derivatives, 
isomeric  with  the  potassic  salts  of  acid  ethers  : 

Monethylic  lactate.  Potaaflum.       Hydrogen.  Pbtaadc  monethylic 

lactate. 

The  potassic  monethylic  lactate  is  isomeric  with  the  ethyMactate  of 

potasbium  (o'H^O"Jq^^*\ 

The  potassic  derivatives  of  neutral  monethylic  ethers,  treated  by 
iodide  of  ethyl,  give  potassic  iodide  and  diethylic  ethers.  An  analo- 
gous result  is  obtained  by  submitting  the  argentic  salts  of  acid  ethers 
to  the  action  of  iodide  of  ethyl : 

Monethylic  lactate  of  Iodide  of  etbyL  Iodide  of  Diethylic  lactate, 

potasaium.  potaaBiam. 

(o-HKJ-fg^-)    +    n'})     -     ^!}    +    {'^■^■{'^) 

Ethyl-lactate  of  silver.  Iodide  of  etiiyl.  Iodide  Diethylic  lactate. 

of  silver. 

10th.  Submitted  to  the  action  of  an  alcoholic  solution  of  ammonia, 
the  diethylic  ethers  give  alcohol  and  the  ethers  of  acid  amides : 
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Diethylic  lactate.  Ammonia.  Alcohol. 

(((?WO"\^^''i\ 

\  hI 

liactamlde  of  etbyl  (lactamethane). 

These  new  bodies,  under  the  influence  of  alkalies,  are  transformed 
into  ammonia  and  salts  of  acid  monethylic  ethers  : 

Lactamethane.  Potash.  1  tbyMactate  of  potassium. 

+  (NH») 

Ammonia. 

11th.  On  causing  the  butyrate  of  potassium  to  act  on  the  chlorinated 
acids  obtained  by  the  action  of  water  on  the  bichlorides  of  the  radicles 
of  biatomio  monobasic  acids,  bodies  are  obtained  'which  are  derived 
from  these  acids  by  the  substitution  of  butyryl  for  hydrogen.  These 
bodies  are  instable ;  but  if  the  ethyl-chlorhydrins  of  Ihese  acids  be 
substituted  for  their  chlorhydrins,  stable  butyro-ethylic  ethers  are 
formed,  which  alkalies  split  up  into  alcohol,  butyrate,  and  the  alkaline 
salt  of  the  biatomic  acid  which  enters  into  their  composition : 

Lactic  ethyl- chlorhjdrin.  Potasslc  butyrate.  Lactobutyrateof  ethyL  Chloride  of 

potassium. 

12th.  When  submitted  to  the  influence  of  heat,  biatomic  monobasic 
acids  lose  a  molecule  of  water  and  furnish  an  anhydride : 

(c»H^O"jgg)     =     (H^O)     +     (C«HK)"0) 

Lactic  add.  Water.  Lactide  (lactic 

anhydride). 

When  the  heat  is  applied  carefully,  the  elimination  of  water  takes 
place  at  the  cost  of  two  molecales  of  acid,  and  a  condensed  acid  is 
obtained : 

2(c'H^0"{gg)     =     WO    +    (g.wjg'H) 

Lactic  acid.  Water.  Dilactlc  add  (formerly 

culled  anhydrous  lactic  add). 

13th.  The  anhydrides,  treated  with  ammoniacal  gas,  furnish  amides, 
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:iM.'ii»: 


TRY. 


which  potash  decomposes  with  disengagement  of  ammonia  and  pro- 
duction of  a  potassio  salt : 

(C*H*0"0)     +     (NH»)     =     ((^^^*^|.    )In| 


Lactic  anhydride. 


AbuoooHa, 


LActamlde, 


/fc'HK)"|^"^Y 


v^ 


t 


i]-)  +  (11°)   "   ('^■''loi) 


Tiflfittinlilf. 


PotMh. 


+    (NH») 

Potaaitc  lactate.  Aimnnnla. 


All  die  attempts  hitherto  made  to  obtain  amides  derived  from  two 
molecnies  of  ammonia  have  failed,  though  the  biatomicily  of  these 
acids  renders  the  existence  of  snch  bodies  very  probable. 

14th.  Ethjiamine  also  reacts  on  these  anhydrides.  The  amides 
which  are  formed  are  isomeric  with  the  amidated  ethers  produced  by 
means  of  diethylic  ethers  and  ammonia.  While  these  latter  give  an 
acid  ether  and  ammonia,  under  the  influence  of  alkalies,  the  former  in 
this  case  disengage  ethylamine,  and  the  acid  is  reformed : 

(("•H^^^Jn)    +    (1)0)     ■     (CPH^'IST) 


LactamcCtiaiie. 


Potaah. 


F«>taaBic  ethyl-lactafte. 


+    (NH») 

'Ammonia. 


'(•^'i°2W  +  (i}o)  =  ('^•''ISi) 


H 

Lactethylamlde. 


Fotadi. 


Fwtaasio  lactate. 


+ 


(in 

Ethylamine. 


It  has  been  seen  that,  when  ammonia  acts  on  monochlorinated  or 
monobrominated  monatomic  acids,  an  amide  is  obtained  of  the  biatomic 
monobasic  acid  of  the  same  series.  This  amide  is  acid,  and  isomeric 
with  that  produced  in  the  action  of  ammonia  on  the  anhydrides  of 
these  latter  acids,  this  being  neutral. 

In  order  to  understand  the  isomerism  of  these  two  amides,  it  should 
be  considered  that  the  monamides  of  the  acids  in  question  represent 
a  molecule  of  ammonia  in  which  H  is  replaced  by  a  monatomic 
residue,  derived  from  these  acids  by  the  elimination  of  OH  ;  hence,  if 
the  group  OH  eliminated  contain  the  alcoholic  hydrogen,  that  which 
enters  into  the  molecule  of  ammonia  as  an  integral  part  of  the  residue 
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contains  positiYe  hydrogen,  and  an  acid  amide  is  produced.  In  the 
contrary  case  the  amide  contains  the  alcoholic  hydrogen,  and  is 
neutral.  On  placing  the  signs  +  and  —  against  the  two  atoms  of 
hydrogen  to  indicate  which  is  positive  and  which  is  negative,  formulad 
may  be  obtained  which  give  a  clear  idea  of  this  isomerism : 

(cra«o"{g|;)   -  OH-      =   (chk)"{ohJ 

Olyoolic  add.  Monatomlo  retldae. 

This  monatomic  residue,  substituted  for  H  in  ammonia,  gives  the 

(CH*0"i  *        I  ] 
\OH+y  V  N,  which  contains  a  positive  hydrogen,  and 

BPj 

therefore  acts  as  acid.     This  amide  is  glycocol. 

On  the  contrary,  if  the  group  0H+  be  subtracted  from  glycolic  acid 

there  remains  the  residue  f  C'EPO'X  qtt_)  ^  which  when  substituted  for 

hydrogen  of  ammonia,  furnishes  an  amide  which*  no  longer  contains 
positive  hydrogen,  and  which  therefore  is  neutral. 

15th.  When  the  acids  of  this  group  are  acted  upon  by' hydrochloric 
or  by  hydrobromic  acid,  water  is  formed ;  the  group  HO  which  contains 
the  alcoholic  hydrogen  is  eliminated,  and  chlorine  or  bromine  is  intro- 
duced into  the  molecule ;  in  this  case  there  is  formed  a  chlorinated  or 
brominated  derivative  of  the  monatomic  acid  of  the  same  series : 

((?H'0"jg|;)    +    @))     =     (^-}0)    +    (CH'CIO^^) 

Lactic  add.  Hjdrodiloric  Water.  Chloro-proptonic  add. 

add. 

16th.  Hydriodic  acid  does  not  produce  an  iodized  derivative,  but  it 
reduces  the  biatomic  acid  to  a  lower  degree  of  oxidation,  thus  transform- 
ing it  into  a  monatomic  acid.  According  to  E6kul^,  a  similar  reaction 
at  first  takes  place  as  with  hydrochloric  or  hydrobromic  acid,  but  the 
hydriodic  acid  afterwards  reacts  on  the  iodized  acid  produced,  iodine 
is  set  free,  and  there  remains  a  monatomic  acid  which  is  not  iodized : 

FiBST  Stage. 
(c^K)"|gg^      +      ^1     =     (C»H*IO,OH)      +      (H'O) 

LacUcadd.  Hydiiodio  lodo-pxopkmic  add.  Water. 

add. 

Sboond  Staqg. 

(c-h*io,oh)    -f    ^l     =     \\    +    (c»H-o,on) 

lodo-proploDic  add.  Hydrlodie  Iodine.  Proplonleadl 

acid. 

K^kul^  has  shown,  as  will  be  remembered,  that  all  iodized  deriva- 
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tives  under  the  influenoe  of  bjdriodic  aoid  undergo  a  double  de- 
composition analogous  to  the  preceding. 

The  biatomio  and  monobasic  aromatic  acids  which  contain  a  pbenic 
hydrogen  are  not  reduced  by  hydriodic  acid ;  those  which  contain  an 
alcoholic  hydrogen  are  reduced  as  in  the  &tty  series. 

Condensed  Aoids  derived  from  Biatomic  and  Monobasic  Acids. — 

As  biatomic  alcohols  can  form  condensed  compounds,  the  composition 
of  which  represents  n  molecules  of  alcohol  united  into  one  with  elimi- 
nation of  fi~l  molecules  of  water,  so  the  polyatomic  acids  can  give 
rise  to  more  condensed  acids  in  which  the  polyatomic  radicle  of  the 
acid  is  accumulated,  the  different  radicles  being  united  together  by 
oxygen. 

A  monothylic  ether  of  the  first  condensed  acid  is  obtained  by  treat- 
ing the  potassic  salt  of  the  ordinary  aoid  by  ethyl-chlorhydiin  of  the 
same  body  : 


[(THK) 


is™.)    +    (CWJOH)    .    (--j^j) 


Ljkctic  ctIiyI*chlorhjdrbi. 


LactatG  of  potassium. 


MoncthyUc  diUciate. 


+ 


Chloride  of 
potaiittluin. 


It  is  very  probable  that  if,  in  this  operation,  the  potassic  salt  of 
ethylic  ether  were  substituted  for  that  of  the  ordinary  acid,  the  diethylic 
ether  of  the  first  condensed  acid  would  be  obtained. 

A  calcic  salt  of  a  condensed  acid  of  the  first  degree,  may  be  produced 
by  submitting  the  calcic  salt  of  the  ordinary  acid  to  the  action  of  heat : 


LacUte  of  caldum. 


.Ca"       =      H^O     -f 


Water. 


0" 
\C"H^i0Ca 

Calcic  dilactate. 


(•) 


The  condensed  8M3id  whence  these  different  products  are  derived  has 
not  as  yet  been  obtained  in  a  free  state.;  but  M.  Pelouze  states  that  by 
the  gentle  action  of  heat  on  lactic  acid  a  body  is  produced  which  he 


calls  anhydrous  lactic  acid 


According  to  our  ideas. 


this  is  dilactic  acid. 

Bodies  are  known  which  contain  three  acid  radicles  in  a  second 
degree  of  condensation.  They  are  formed  at  the  same  time  as  the 
condensed  products  of  the  firat  degree,  when  an  ethyl-chlorhydrin 
acts  on  a  salt  of  potassium.     Thus,  in  the  example  given,  besides 
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the  monethylio  dilaotate,  there  is  also  formed  a  diethylic  trilactate 
^-H^O'MOC^H- 

C»H^O"  1 0" 

C»H*0"  I  OC«H»; 

The  formation  of  these  bodies  by  the  reaction  of  a  second  molecule 
of  ethyl-chlorhydrin  on  the  first  product  of  condensation  will  be 
readily  understood: 


i^Z\lJ}  +  (--la-) 


^    -   HI 

-      Clf 


Nonetbylic  dfLictate,  Lactic  efhyl-cfalorhydrln.  HydrochloTlo 

acid. 

DietbyUc  trilactate. 

The  same  bodies  may  also  be  prepared  by  causing  the  anhydride 
of  an  acid  of  this  group  to  act  on  the  diethylic  ether  of  the  same  acid : 

Lactic  anhydride.  Diethylic  lactase.  Diethylic  trilactate. 

By  the  action  of  the  ethyl-chlorhydrin  of  an  acid  on  a  potassio  salt 
of  another  acid,  mixed  condensed  acids  may  be  obtained  which  contain 
the  radicles  not  only  of  two  distinct  acids,  but  also  of  two  acids  belong- 
ing to  two  different  groups : 

/C^H^'   {OCT!' 
2((?H^'{g»^.)    +    (C*ff0-{g|)     =       CH'O-'IO" 

\C»H«0"  JOCH' 

Lactic  ethyl-chlorhydrin.  Sncdoate  of  potaasiom.  Diethylic  lacto-snccinate. 

+  <&!) 

Chl(»ide  of  potasaiam. 

It  will  be  seen  that  the  reactions  which  give  rise  to  these  condensed 
products  are  the  same  as  those  which  give  rise  to  the  derivatives  of 
condensation  of  the  glycols. 

Thus,  while  the  di-  and  tii-ethylenic  alcohols  are  obtained  by  the 
reaction  of  the  oxide  of  ethylene  or  bromhydrin  on  glycol,  the  ethylic 
dilactate  and  the  diethylic  trilactate  are  obtained  by  the  reaction  of 
lactic  ether  on  lactide,  or  of  lactate  of  potassium  on  the  lactic  ethyl- 
chlorhydrin. 
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l8t.    ((?H*"Joh)      +      2('(?H*o)       = 


OljrooL 


Oxide  of  ethylene. 


^^   |o" 

(7H*"  {OH 

Trlelhyleixlc  glycoL 


C»HK)"|0C«H»/ 

UcUc  e«her.  Lactide.  DfethyUc  trilftctate. 

^.(o.H»{OD+(c^..{o.^).(^:;|n)+g[ 


GlyooL 


ChlorfaydrilL 


DIefhylenic  glyooL      ^pdrocfalaric 

AckL 


(cH^.jOH)  ^  (^^(o^_^.) .  (?^:?:|L}) 


Potawlo  Iftcteto. 


Ghloraoetlc  ether. 


MonethyUc  dilACtate. 


CI 


+      K 

Cbloiide  of  poturiiim. 


\ 


/era-  «HU  (^^,,\CV\     _     |ci^«,]0" 


Dlethylenlo  glyooL 


CSilprhydxin  of  i^yool. 


TrietfaylenlcglyroL 


+ 


H 

CI 


\ 


Hydrodiloric 
add. 


MonethyUc  dOactate.  Lactic  ethyl-dilorfaydrin.  DfethyUc  trflactaft^. 


+ 


H 
CI 


u 


Uydrodilorlo 
add. 


Wurtz  has  obtained  a 


( 


diglycolic  acid  (otHto"!^'  (  )^^  oxidizmg 


the  diethylenic  glycol  (  p„4„  }  O"  VI     Is  this  aci 


acid  the  homologae 


of  dilactic  acid,  the  ethylic  ethers  of  which  are  known  ?  This  point 
is  not  yet  decided.  The  instability  of  dilactic  acid,  which  cannot 
be  isolated  from  its  combinatioDS,  and  the  greater  stability  of  the  acid 
prepared  by  means  of  the  diethylenic  glycol,  would  cause  the  homo- 


not 
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logy  of  these  bodies  to  be  doubted.  It  is  possible  that  the  acid  called 
by  Wurtz  diglycolic  is  the  oxalo-ethylenic  acid,  and  has  for  formula, 

oxidation  of  triethylenio  glycol,  it  is  not  possible  to  introduce  more 
than  two  atoms  of  oxygen  by  substitution,  though  this  glycol  contains 
three  molecules  of  ethylene  in  which  substitution  might  be  effected, 
we  shall  be  tempted  to  agree  with  the  second  hypothesis,  as  it  better 
accounts  for  the  difference  of  properties  which  exists  between  dilactio 
acid  and  the  acid  hitherto  called  diglycolic.  This  question  can  only 
be  solved  by  oxidizing  dipropylenic  glycol,  and  seeing  whether  the 
acid  obtained  gives  derivatives  which  are  identical  or  isomeric  with 
those  obtained  directly  by  means  of  lactic  acid. 

The  first  term  of  the  series  of  acids  corresponding  to  the  general  formula 
C"H*'0*  would  be  carbonic  acid  CBPO*,  which  would  present  the  same 
relations  towards  the  unknown  methylenio  glycol  as  glycolic  acid 
presents  towards  ordinary  glycol. 

Carbonic  acid  does  not  exist ;  only  its  anhydride  is  known ;  but  as 
with  alkaline  bases  this  anhydride  gives  salts  containing  two  atoms  of 
metal,  it  is  evident  that  carbonic  acid,  if  it  existed,  would  be  bibasic 
as  well  as  biatomic,  while  its  homologues  are  only  monobasic.  In  the 
general  remarks  on  basicity  and  atomicity,  we  will  endeavour  to 
explain  this  anomaly. 

Aoids  known  in  this  group. — We  know :  1st,  In  the  aeriea  C*H**0' : 

Glycolic  acid  C*H*0»,  corresponding  to  glycol  C«H«0». 

Lactic  acid  C"H*0",  corresponding  to  propylglycol  C'H'O*. 

Oxybutyrio  acid  C^HW,  and  its  isomer  dimethoxalio  acid,  corre- 
sponding, the  first  to  butylglyool  C*H*®0',  the  second  to  an  unknown 
isomer  of  this. 

Ethomethoxalic  acid  C'ff'O',  isomeric  with  oxyvaleric  acid, 
which  is  derived  from  amylglycol  C*H*^ ;  the  glycol  which  corre- 
sponds to  dimethoxalio  acid  is  unknown,  it  would  have  the  formula 
C^H^O*. 

Leucic  acid  and  its  isomel*  diethoxalic  acid  CH^'C  are  derived,  the 
first  from  hexylglycol  C^X)*,  and  the  second  from  an  unknown 
isomer  of  this  alcohol. 

To  lactic  acid  there  corresponds  an  isomer,  sarkolactic  acid,  and 
perhaps  others  besides.  Oxybutyrio  acid  has  also  been  called,  accord- 
ing to  the  manner  in  which  it  has  been  prepared,  butylactic  acid  and 
acetonic  acid.  It  is  not  yet  decided  whether  these  different  names 
apply  to  one  single  acid  or  to  isomers. 

2nd.  In  the  series  C"H*— "O* : 

Pyruvic  acid  CH^O*,  corresponding  to  a  glycol  CTI^O**. 
Roccellic  acid  C>*H"0',  corresponding  to  a  glycol  C*«H**0'». 
Ricinoleic  acid  C"H'*0»,  corresponding  to  a  glycol  CTI^O*'. 

2  Q 
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3rd.  In  Ae  series  O'H**-^)" : 

Guiacio  acid  C*H*0»,  corresponding  to  a  glycol  (?ir<^0«*. 

4th.  Ifi  ike  series  C-H*'-«0' : 
No  acid  \a  as  yet  known. 

5th.  In  ihe  series  O'B*"'^^: 

Salicylic  acid,  ozybenzoic  acid,  and  par-oxybenzoic  acid  (7H*0", 
which  correspond,  the  first  to  saligenin  (7H*0',  and  the  two  others 
to  two  unknown  isomers  of  thiB  body. 

Formobenzoylic  acid,  creosotic  acid,  and  anisic  acid  C'H'O*,  which 
correspond,  the  first  to  an  unknown  tollyl-glycol,  the  second  to  an 
unknown  homologue  of  saligenin,  and  the  third  to  anisic  alcohol 
C»ff«0». 

An  acid  (?WK)^  obtained  by  the  action  of  potash  on  the  cyan- 
hydrin  of  anisic  alcohol,  corresponding  to  an  unknown  xylenyl-glycol 

Phloretio  acid  G^^^'O',  corresponding  to  a  homologue  of  saligenin 

Thymotio  acid  C"ff*0*,  corresponding  to  thymosaligenin  C"EP*0'*. 

Anisic  acid  is  the  same  as  methyl- paroxybenzoic  acid  :  in  fact,  under 
many  circumstances  the  methyl  group  is  detached  from  this  acid,  which 
only  contains  a  single  atom  of  hydroxyl  (OH),  and  which  Ladenburg 
has  obtained  synthetically  by  substituting  CH'  for  H  in  par-oxy  benzoic 
acid.  The  acid  C'H^^O*,  which  has  only  been  obtained  by  the  action 
of  alkalies  on  a  C3ranhydric  ether,  should  not  only  be  isomeric  with  the 
true  homologue  of  the  oxybenzoic  and  formo-benzoylic  acids,  but  also 
with  the  homologue  of  anisic  acid  itaelf. 

6th.  In  ike  series  CH**  -  "0' : 

Coumario  acid  C'HH)",  corresponding  to  cinnamyl-glycol  CH^^O^*. 

7th.  In  the  series  C-H*»  ^  '^O*.  and 

8th.  In  ihe  series  C"H*'-"0» : 
No  acid  is  as  j^et  known. 

9th.  In  ihe  series  (yE^-^^\ 

Benzilic  acid  C"H"0»,  corresponding  to  the  glycol  C"H^*0«,  which, 
as  M.  Orimaux  observes,  would  be  to  benzoic  aldehyd  what  pinakone 
is  to  acetone.    This  glycol  might  be  hydrobenzoin : 

2(C'H*0)     +    H«     =     (C«ff*0') 

Aoetone.  Hydrogen.  Pinakone. 

2(C^H«0)    +    H«     =     (C"H"0*) 

Bensolc  Hydrogen.  Bensilic  glycol, 

aldehyd. 
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Study  of  the  most  Important  of  these  Acidb. 

Iiaotio  Add    (  C^*0"]  qtt"  ). — Laclio  acid  may  be    obtained  by 

several  prooesses,  and  has  been  found  ready  formed  in  the  flesh  of 
animals.  However,  the  acid  which  impregnates  the  muscles  is  not 
identical  but  simply  isomeric  with  that  which  is  produced  by  means 
of  fermentation,  and  which  is  better  known. 

Preparation. — 1st.  Lactic  acid  is  formed  in  a  particular  fermentation 
of  the  different  kinds  of  sugar,  starch  and  analogous  substances,  and  is 
usually  procured  by  this  means.  For  this  purpose  water,  cane-sugar, 
curdled  skim-milk,  tartaric  acid,  and  decayed  cheese  are  mixed  in  the 
proportions  mentioned  for  butyric  acid,  and  the  mixture  is  kept  at  a 
temperature  of  30^  or  35°,  and  stirred  several  times  daily.  At  the  end 
of  about  ten  days  it  is  found  as  a  thick  mass  of  lactate  of  ccdcium.  Then 
ten  kilogrammes  of  boiling  water  and  fifteen  grammes  of  caustic  lime 
are  added,  and  the  whole  is  boiled  for  half  an  hour  and  passed  through 
a  linen  cloth. 

The  liquid  evaporated  almost  to  diyness,  and  left  alone  for  four  or 
five  days,  deposits  crystalline  lactate  of  calcium.  This  salt  is  pressed, 
diluted  with  a  tenth  part  of  its  weight  of  hot  water,  and  again 
pressed,  this  operation  being  repeated  two  or  three  times. 

When  the  calcic  lactate  is  sufficiently  dry.  it  is  dissolved  in  twice  lis 
weight  of  boiling  water,  and  210  grammes  of  sulphuric  acid  for  each 
kilogramme  of  calcic  salt  are  added  to  the  solution,  the  acid  being 
previously  diluted  with  its  weight  of  water.  An  abundant  precipitate 
of  calcic  sulphate  forms,  and  is  separated  by  filtering  the  liquid  while 
still  warm  through  a  cloth.  To  this  liquid  are  added  289  grammes  of 
carbonate  of  zinc  for  each  210  grammes  of  sulphuric  acid  employed,  and 
it  is  then  boiled  for  a  quarter  of  an  hour,  and  filtered  while  boiling ; 
lactate  of  zinc  is  deposited  in  crystals  on  the  cooliug  of  the  liquid, 
and  is  washed  in  cold  water  to  free  it  from  the  small  quantity  of  sul- 
phate with  which  it  is  mixed.  The  boiling  of  the  lactic  acid  with 
carbonate  of  zinc  should  not  be  prolonged  more  than  a  quarter  of  an 
hour ;  if  it  were,  a  sub-salt,  somewhat  soluble,  would  be  formed,  and  a 
portion  of  the  product  thereby  lost. 

The  pure  lactate  of  zinc,  dissolved  in  seven  and  a  half  times  its 
weight  of  boiling  water,  is  treated  with  a  current  of  hydrosulphurio  acid 
until  sulphide  of  zinc  is  no  longer  precipitated,  even  after  the  solution 
has  become  cold.  This  is  filtered,  boiled  to  free  it  from  the  sulphur- 
etted hydrogen  it  contains,  and  then  evaporated  over  a  water-bath  to 
the  consistence  of  syrup. 

When  lactic  acid  is  prepared  by  fermenting  sugar,  it  is  neoessaiy  to 
arrest  the  fermentation  when  the  mass  has  become  thick,  or  the  lactic 
would  be  converted  into  butyric  acid. 

2nd.  Lactic  acid  is  formed  when  a  current  of  nitrous  acid  is  passed 
through  an  aqueous  solution  of  alanine : 

2  Q  2 
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Alanine.  Nttrous  add.  Nitrogen. 

Water.  Lactk  add. 

3rd.  Lactio  acid  is  also  produced  when  chloropropionic  acid  is  heated 
with  moist  oxide  of  silver : 

^r'^]o)  +  (ii)o)  +  (i}o)  =  .(Afj) 

ChloroproploDic  add.  Oxide  of  diver.  Water.  Chloride  of 

diver. 

Luetic  add. 

4th.  Wurtz  has  succeeded  in  preparing  lactic  acid  by  the  oxidation 
of  propyl-glycol : 

(<™-®  +  81  ■  (?}o)  +  («^'«"|8i) 

Prop^l-glyooL  Oicjgen.  Water.  Lactic  add. 

5th.  Wislicenus  has  obtained  lactic  acid  by  heating  cyanhydrin  of 
glycol  with  an  alcoholic  solution  of  potash.  This  cyanhydrin  was  pro- 
pared  by  the  reaction  of  cyanide  of  potassium  in  alcoholic  solution  on 
ohlorhydrin : 

Pjranh jdrln  of  etbyl-  Hydrate  of  Water.  Ammonia, 

glycol.  potaadum. 

+  Mlo^) 

Lactate  of  potaadom. 

This  process  gives,  not  the  lactic  acid  of  fermentation,  but  the  sarko- 
lactic  acid. 

6th.  Lippemann  has  prepared  the  chloride  of  lactyl  (C*H*0"jpj  j 

synthetically  by  causing  the  oxychloride  of  carbon  to  act  on  ethy- 
lene: 

(C»H*)    +    (C0"jg)     =     (CH^C'I^J) 

Ethylene.  Oxyddoride  of  Chloride  of  lactyl. 

carbon. 

Properties. — Lactic  acid  is  a  colourless,  inodorous,  syrupy  liquid. 
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the  density  of  which  is  1*216  at  20° '6.  It  has  a  very  acid  taste, 
absorbs  moisture  readily,  and  is  soluble  in  water  and  alcohol  in  all 
proportions;  it  is  less  soluble  in  ether,  and  remcdns  fluid  at  —24°. 
It  coagulates  albumen,  and  two  drops  added  to  100  gi*ammes  of  milk 
will  cause  its  immediate  coagulation. 

Lactic  acid  does  not  affect  the  aqueous  solutions  of  lime,  barj'ta,  or 
strontia ;  it  sets  acetic  acid  free,  when  boiled  with  the  acetates,  and 
dissolves  the  phosphate  of  calcium  from  bones. 

The  acetates  of  zinc  and  magnesium  in  aqueous  solution  are  decom- 
posed by  lactic  acid :  lactate  of  zinc  or  of  magnesium  is  deposited,  and 
acetic  acid  is  set  free.  On  the  contrary,  the  lactate  of  zinc  is  decom- 
posed by  the  acetate  of  potassium  with  the  formation  of  potassic  lactate 
and  acetate  of  zinc. 

The  aqueous  solution  of  lactate  of  copper  becomes  blue  on  the 
addition  of  potash :  hydrate  of  calcium  precipitates  all  the  copper  con- 
tained in  this  alkaline  solution  in  the  state  of  hydrate. 

When  lactic  acid  is  heated  with  concentrated  sulphuric  acid,  pure 
oxide  of  carbon  is  disengaged,  and  the  mixture  becomes  brown. 

Heated  with  a  mixture  of  binoxide  of  manganese,  salt,  and  sul- 
phuric acid,  lactic  acid  furnishes  chloral  and  aldehyd ;  when  only  a  small 
quantity  of  chlorine  is  disengaged,  it  is  aldehyd  which  is  chiefly  formed. 

Boiling  nitric  acid  transforms  lactic  into  oxalic  acid. 

When  a  mixture  of  10  parts  of  lactic  and  14  parts  of  benzoic  acids 
are  heated  for  several  hours  at  200°,  water  is  disengaged,  and  a  new 
acid — the  benzolactic — is  formed : 

(c»H*0"jgg)  +  (C^H»0,OH)  =  (c»H*0"|gg^"^)  +  h}  ^ 

Lactic  add.  Benxolo  add.  Bemolactic  acid.  Water. 

In  order  to  separate  this  acid  from  the  excess  of  benzoic  acid,  it  is 
dissolved  with  an  insufficient  quantity  of  sodic  carbonate,  which  then 
dissolves  it  alone.  The  liquid  is  agitated  with  ether  to  eliminate  the 
free  benzoic  acid  which  the  water  has  dissolved,  and  then  hydrochloric 
acid  is  added.     The  benzolactic  acid  is  deposited  in  crystals. 

This  acid  is  the  homologue  of  the  benzoglycolio  acid  which  is  pro- 
duced when  hippuric  acid  is  acted  upon  by  nitrous  vapours. 

When  syrupy  lactic  acid  is  submitted  to  a  temperature  of  140°,  very 
dilute  lactic  acid  first  distils ;  if  the  operation  be  discontinued  when 
all  distillation  has  ceased,  the  residue  crystallizes  on  cooling.  These 
crystals  constitute  lactide  or  lactic  anhydride  (C'H^O"0)  : 

('CH*0"jgg)     =     h}^     +     (C»H^O"0) 

Lactic  add.  Water.  Lactide. 

When  strongly  heated,  lactide  distils,  and  is  partially  decompo^d. 
Among  the  products  of  its  decomposition  are  found  aldehyd,  ei^rv- 
conic  acid,  carbonic  anhydride,  and  oxide  of  carbon : 
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(C»H*0"0)     =     CO    +     (C«H*0) 

Lftctide.  Oxide  of  Aldebyd. 

cu-boa. 

4(c'H*0"Jq2)  =   (C'H^O*)  4-  3(C»HK))  +  C0«  +  3(H»0) 

Lacttoadd.  atnooDk  acid.  AldeUyd.  Qutonic  Water. 

anhydride^ 

If  the  action  of  heat  on  lactic  acid  be  less  proIoDged,  instead  of 
lactide,  dilaotic  acid  (C*H"0*)  will  be  obtained : 

Lactic  acid.  Water.  DilacUc  add. 

lliough  biatomic,  lactic  acid  is  monobasic.  It  only  exchanges  one 
atom  of  hydrogen  for  metals.    Thus  the  nentral  lactates  have  the 

formula  (c'H«0"jg5, ). 

All  the  lactates  are  insoluble  in  ether,  readily  soluble  in  boiling 
water,  but  scarcely  soluble  in  cold  water  or  alcohol.  The  alkaline 
lactates  are  exceptions  to  this  rule ;  they  readily  dissolve  in  cold  water. 

The  isomerism  of  the  lactic  acid  of  fermentation  with  sarkolactic 
acid  is  especially  apparent  in  their  salts.  Thus  the  ferrous  lactate 
is  crystallizable  and  retains  three  molecules  of  water,  while  ferrous 
sarkolactate  is  not  crystallizable. 

It  would  be  repetition  to  speak  here  of  the  numerous  reactions  which 
establish  the  biatomic  and  monobasic  character  of  lactic  acid.  We 
have  already  treated  this  question  completely  when  speaking  of 
biatomic  and  monobasic  acids  in  general,  and  lactic  acid,  the  best 
known  of  these,  was  continually  given  as  an  example. 

Sarkolactic  acid  is  obtained,  as  has  been  said,  by  the  action  of  oxy- 

chlorido  of  carbon  on  ethylene  I     <  — ^^|,  and  by  tlie  action  of  potash 

/c  \w\ 

on  the  cyanhydrin  of  glycol  I  p  ]S7  )•    ^  *^®  contrary,  true  lactic 

\    'cn/ 

acid  is  produced  when  aldehyd  reacts  on  hydrocyanic  acid  and  water. 
According  to  these  syntheses,  the  formula  of  constitution  of  sarko- 

rom  - 


lactic  acid  is  I  C<  H'   I,  and  that  of  true  lactic  acid  is  I  C 

I  OH] 
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We  thus  have : 


C 


Qyanbydrin 
of  glyooL 


(elf) 


AMehyd. 


-    N    +    OTI 


Nitngoi. 


+    (CNH) 


Water. 


Hydrocyanio 
add. 


Sarkolactic  add. 


and 


+    2  (WO)     =     (NH-) 


AnnnknowB 
iotennadlate  body. 


Water. 


AnuDMiiik 
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Prepabation. — Firgt  Process, — These  acids  may  be  obtained  bj  the 
oxidation  of  the  corresponding  glycols : 


Glyool. 


+     2 


(8})  -  (T"W 


Oxygen. 


Oxalic  add. 


+    2 


Water. 


Bat  this  oxidation  has  only  succeeded  with  ordinary  glycol.  It 
is  true    that    propyl-glycol    appears    to    have    given  malonic  acid 

(        H*  1  ^*  /'  ^^^  ^  ^^  oxidation  of  butyl  and  amyl-glycol,  no  add 

homologous  with  the  preceding  has  been  obtained.  Perhaps  this  might 
be  accomplished  by  operating  on  larger  quantities.  The  slight  sti^ 
bility  of  the  complicated  molecules,  which  are  entirely  separated  when 
the  attempt  is  made  to  oxidize  them,  has  hitherto  prevented  the 
operation  being  successful. 

Second  Process,  —  Bicyanides  of  biatomic  alcohol  i-adicles  are 
boiled  with  a  concentrated  alcoholic  solution  of  potash ;  ammonia  is 
disengaged,  and  there  remains  in  solution  the  alkaline  salt  of  an  acid 
which  corresponds  to  the  glycol  higher  by  two  terms  than  that  whose 
bicyanhydrin  has  been  employed. 
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Thus  the  bicyanhydrin  of  glycol  C'BTO"  gives  saocinic  acid,  (^H^O*, 
corresponding  to  butyl-glycol,  C*ff"0*,  which  constitnteB  the  second 
higher  homol<^e  of  ordinary  glycol. 

The  reaction  which  gives  rise  to  the  formation  of  these  acids  by 
means  of  the  hydrocyanic  ethers  and  potash  is  expressed  by  the  fol- 
lowing equation,  or  by  an  analogous  one : 

(O^'jg^)    +    .(ifo)    +    «(1}0)    .     (CHI^ISI) 

Qftnideof  PoUsh.  Water.  PyroUrtnte  of 

propylene.  potaMinm. 


(!h) 


+     2 

The  cyanides  used  in  these  processes  should  be  prepared  by  heat- 
ing the  bromides  of  the  same  radicles  with  a  solution  of  cyanide  of 
potassium  in  dilute  alcohol : 

Bromide  of  Potasslo  Potaasio  Qyanldeof 

etiijleiie.  ^anide.  bromide.  ethylene. 

It  is  not  necessary  to  purify  the  bicyanhydrins  used  in  the  prepa- 
ration of  these  acids. 

The  acids  obtained  by  this  process  appear  so  &r  to  be  entirely 
identical  with  those  obtained  by  other  methods. 

HUrd  Process, — Several  of  tiiese  acids  may  be  obtained  by  fixing 
hydrogen  on  other  less  hydrogenized  acids ;  thus  itaconic  acid  and  its 
isomers,  citraconic  and  mesaconic  acids,  can  fix  H*  and  be  converted 
into  pyrotartaric  acid. 

It  is  the  same  with  maleic  and  fumaric  acids,  which,  by  fixing  H', 
give  succinic  acid : 

(C*H*0*)     +     gl     =      (C*H«0*) 

Fomaric  add.  Hydrogen.  Saocinic  add. 

(O'H'O')     +    Jl     =     (CHK)*) 

Itaconio  add.  Hydrogen.  Pyrotartaric  acid. 

Fourth  Process. — Acids  of  this  group  are  also  formed  by  the  action  of 
heat  on  other  more  complicated  acids.  Thus,  on  causing  heat  to  act 
on  tartaric  acid,  pyrotartaric  acid  is  formed : 

2(C*H«0')     =     ((?H«0*)     +     3(C0«)    +    2(^1  o) 

Tartaric  add.  Pyrotatiaric  add.  Carbonic  Water. 

anhydride. 

Fifth  Process, — Many  of  these  acids  are  obtained  by  heating  different 


\ 
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substances  with  a  powerful  oxidizer.     Sometimes  these  reactions  are 
sufficiently  clear,  but  occasionally  they  are  very  complicated. 

For  instance,  if  cuminic  aldehyd  be  strongly  oxidized,  insolinic  acid 
is  formed : 

Cominlc  acid.  *       Ozygeo.  Water.  Insolinic  add. 

On  the  contrary,  if  nitric  acid  be  made  to  react  on  fatty  substances, 
succinic  acid  and  several  of  its  homologues  are  obtained.  The  mole- 
cule of  the  fatty  substance  is  entirely  destroyed,  and  no  simple  relation 
is  observed  between  the  generating  bodies  and  their  deriyatives. 

Sixth  Process, — Eolbe  and  Hugo  Miiller  have  each  obtained  one  of 
these  acids,  malonic  acid,  by  heating  aceto-cyanic  acid  with  caustic 
potash: 

(^(CN)OJo^  +  2^}0)  =  /iJNU  (C-H-(COOK^jo>) 

Aceto<7BoIc  add.  Potash.  Ammonia.  Potassic  malonate. 

The  aceto-cyanic  acid  used  for  this  synthesis  is  prepared  by  heating 
chloracetio  acid  with  cyanide  of  silver  in  a  hermetically-sealed  tube : 

Ghloiacetio  add.  Cyanide  Aceto<yanlc  add.  Chlorida 

of  silyer.  of  silver. 

Pbop£bties. — It  will  be  supposed  that  in  this  group  of  acids,  as  in  all 
the  others,  both  saturated  and  non-saturated  bodies  are  to  be  found. 
These  present  different  characters,  and  we  will  therefore  consider  them 
separately. 

Saturated  Addck — 1st  These  acids,  being  bibasic,  have  two  atoms 
of  typical  hydrogen,  which  may  both  be  replaced  by  positive  metals. 
They  can  form  two  classes  of  salts :  acid  salts,  resulting  from  the  sub- 
stitution of  a  metallic  radicle  for  one  atom  of  hydrogen,  and  neutral 
salts,  resulting  from  the  replacement  of  the  two  atoms  of  hydrogen  by 
two  equivalents  of  metal. 

2nd.  Ethers  having  two  alcohol  radicles  are  obtained  by  processes 
described  elsewhere  for  the  preparation  of  compound  ethers.  When 
these  ethers  are  submitted  to  the  action  of  alkalies,  they  are  completely 
saponified.  Two  molecules  of  alcohol  are  produced,  and  a  neutral  salt 
of  the  add  of  which  the  ether  contained  the  elements : 

Neatral  snodnate  of  Potash.  Neatral  soodnate  Alcohol, 

ethyl  ofpotasslam. 

However,  if  these  ethers  be  saponified  by  half  the  quantity  of  potash 
required  for  complete  saponification,  a  single  atom  of  ethyl  is  elimi- 
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nated  in  the  state  of  alcohol,  and  there  is  then  produced  a  potaflsio  aalt 
of  an  acid  ether  from  which  this  ether  itself  can  be  obtained : 

(^'W  +  l}o  .  (Th)  +  f5f  jo-) 

Nentnl  snodnAte  Pot«8h.  AlooboL  fithyl-ffnoeliMte  of 

of  eibjl.  potmiiim 

These  acids  therefore  form  two  ethers :  one  containing  two  alcohol 
radicles,  the  other  only  one :  but  it  must  be  remarked  that,  contrary  to 
what  is  the  case  with  monobasic  and  biatomic  acids,  there  is  only 
produced  here  a  single  mono-alcoholic  ether,  which  is  always  acid. 
This  is  owing  to  the  fiict,  that  here  the  two  atoms  of  typical  hydrogen 
have  the  same  properties,  while  in  monobasic  and  biatomic  acids  these 
properties  are  different 

3i-d.  When  submitted  to  the  action  of  heat,  they  are  capable  of 
losing  the  elements  of  water  and  furnishing  anhydrides : 

(C*H«0*)     =     (C*H*0»)    +    H«0 

Soodnic  add.  Snodnic  Water. 

anhydride. 

These  anhydrides  can  again  unite  with  water,  and  reconstitute  the 
acids  whence  they  are  deriyed. 

4th.  These  acids  give  either  monatomic  or  biatomic  residues^  an 
losing  the  group  OH  once  or  twice : 


i|0*     -     2  (HO)     =     K" 


B" 
H 


The  first  of  these  radicles  may  be  substituted  for  hydn^en   in 
ammonia,    and    the    compound    resulting    from    this    substitution 

^^"l  oY) 

\ H  f     /  >  N,  is  acid.     It  is  not  probable  that  a  neutral  isomer  of 
H'J 

this  body  exists.  As  the  two  atoms  of  typical  hydrogen  are  positive 
in  this  class  of  acids,  whichever  may  be  the  one  removed  that  which 
remains  is,  of  course,  still  positive. 

The  biatomic  radicle  E"  may  be  substituted  for  H*  in  the  simple 
ammonia  type ;    thence  the  bodies  which  take  the  name  of  imides 

(  H  I  ^) '  ^^*  ^*  ^^^  ^^^^  ^  substituted  for  W  in  the  type  N^®.  It 
then  gives  a  neutral  diamide  (tt4[^) 


Snoctnio  add. 
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}«)• 


C*H*0»" 


V        H 

Monatomic  reddae  of  Blatomic  radicle  of 

sttodnic  acid.  sucdnlc  acid. 


SaodaimJdc. 

Succinic  diamide 
(suodnamide). 

5tli.  Perohloride  of  phosphorus  transforms  the  axsids  of  this  group 
into  chlorides  of  their  radicles : 

(CH'O^fo.)  +  2(PC1.)  =   2(PCro)  +  2(H  })  +  (CW;}) 

Succinic  add.  P^rchloiide  Ozrchloride  Hydrochloric  Chloride  of 

of  phosphorus.       of  phoq)hQras.  add.  socdnyl. 

These  chlorides  may  be  entirely  decomposed  by  water,  and  re-form 
their  respective  acids : 


Chloride  of  Water.  Hydrodilorlc 

snodnyl.  add. 

6th.  Distilled  with  an  excess  of  base,  these  acids  lose  two  molecules 
of  carbonic  anhydride,  and  thereby  each  gives  nse  to  the  fundamental 
hydrocarbide  of  the  series  two  terms  lower  than  that  of  the  acid 
whence  it  arises.  Thus  adipic  acid  (C*H^®0*),  which  belongs  to  the 
hexylic  series,  gives  hydride  of  butyl  (C*H"),  the  fundamental  hydro- 
carbide  of  the  butylic  series.  This  series  is  lower  by  two  terms  than 
the  hexylic  series,  of  which  the  term  corresponding  to  hydride  of  butyl, 
the  hydride  of  hexyl  CH'*,  contains  twice  CH*  more : 

(C«ffW)     =     2  (CO*)    +     (C*H") 

Adipic  add.  Caitontc  Hydride 

anhydride.  of  butyl. 

It  will  be  observed  that  on  distilling  the  acids  of  this  group  with  an 
excess  of  base,  we  descend  two  terms  in  the  homologous  series,  while 
we  only  descend  one  term  when  monatomic  acids  are  submitted  to 
similar  treatment. 

7th.  Bromine  acts  on  these  acids  when  heated  with  them.  The  mono- 
brominated  and  bibrominated  derivatives  may  be  easily  obtained  by 
operating  in  hermetically-sealed  tubes.  Boiled  with  oxide  of  silver  and 
water,  the  brominated  products  lose  all  their  bromine  in  the  state  of  bro- 
mide of  silver,  the  group  HO  being  substituted  for  each  molecule  of 
bromine.    New  acids  result,  which  differ  from  those  whence  they  arise 
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by  one  or  two  atoms  of  oxygen  more,  and  consequently  their  atomicity 
18  greater: 

2  (C*H«BrO*)  +  ( Ag«0)  +  (H^)  =   2  (AgBr)  +  2  (C^H'OJ) 

Mooobromo-miodnio  Oxide  of  Water.  Bromide  of  Malic  add. 

add.  ailver.  lUver. 

(C*H*Br«0*)    +    Ag^    +    H^    =     2  (AgBr)    +    (C*H'0*) 

Bibromo-saocinlo  Oxide  Water.  Bromide  of  diver.  'Hatarie  add. 

add.  of  Bilver. 

Malio  and  tartaric  acids  differ  from  succinic  acid ;  the  first  by  one 
and  the  second  by  two  atoms  of  oxygen.  Their  atomicity  is  greater 
than  that  of  succinic  acid. 

8th.  Treated  with  baryta,  bibrominated  acids  can  lose  a  molecule  of 
hydrobromic  acid  and  be  transformed  into  non-saturated  monobro- 
minated  acids : 

2(CJH*Br^)     +     (Ba"0)    =     (Ba"Br«)    +    H«0    -f    2(C*H'BrO*) 

Blbromo-auodnic  Baryta.  Bromide  of  Water.  Bromo-malelc  add. 

add.  bailiun. 

If  the  alkali  be  in  excess,  two  molecules  of  hydrobromic  acid  may 
be  separated : 

(CH'Br?)*)      +      2g'*}0)       =       2(g*)) 

Blbramo-pjrotartarlc  Soda.  Bromide  of 

add.  Bodium. 

Water.  Aconlc  add. 

Non-saturated  Adds. — 1st.  While  the  formulas  of  the  saturated 
acids  of  this  group  belong  each  to  a  single  acid,  those  of  the  non- 
saturated  acids  each  belong  to  several  isomers.  Thus,  the  formula 
(C^H*0*)  only  belongs  to  succinic  acid;  but  the  formula  (C*H*0*) 
belongs  to  two  different  bodies,  maleic  and  fumaric  acids.  So  also  to 
pyrotartaric  acid  (C^H'O*),  no  isomer  of  which  is  known,  there  corre- 
spond three  non-saturated  acids  all  having  the  formula  (CH'O*):  these 
are  itaconic,  citraconic,  and  mesaconic  adds. 

2nd.  Like  the  saturated,  the  non-saturated  adds  give  an  anhydride 
by  the  action  of  heat,  and  a  bichloride  under  the  influence  of  pentachlo- 
ride  of  phosphorus.  It  is  not  known  whether  they  can  be  made  to 
produce  a  carburetted  hydrogen  by  distillation  with  an  excess  of  base. 

3rd.  Submitted  to  the  action  of  nascent  hydrogen,  they  absorb  suffi- 
cient to  pass  to  the  state  of  saturated  acids : 

Itaooulc  acid.  Hydrogen.  Pyrotartaric  acid. 

In  this  case  the  different  non-saturated  isomers  give  the  same  satu- 
rated product :  pyrotartaric  acid  possesses  the  same  properties,  whether 
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it  arises  from  the  hydrogenation  of  itaconio,  citraconic,  or  of  mesaconio 
acid. 

4th.  Bromine  combines  directly  with  non-satnrated  acids,  giving 
bibrominated  derivatives  of  saturated  acids.  Thus,  fiimaric  acid  is 
transformed  into  bibromo-snccinio  acid : 

(C*H*0*)       +       Bi*       =       (C*H*Br«0*) 

Fomarlc  acid.  Bromine.  Bifaromo-saocliiic  acid. 

It  must  however  be  remarked  that,  while  the  fixation  of  hydrogen 
reduces  non-saturated  isomers  into  an  identical  product,  the  fixation 
of  bromine  gives  rise  to  the  formation  of  brominated  products  isomeric 
among  themselves,  like  the  acids  which  gave  rise  to  them.  When 
hydrogen  is  substituted  for  the  bromine  of  these  different  isomeric 
brominated  compounds,  we  again  return  to  the  single  saturated  acid. 

5th.  These  acids  unite  also  with  hydrobromic  acid,  forming  mono- 
brominated  derivatives  of  the  corresponding  saturated  bodies.  It  is 
probable  that  in  this  case  the  isomerism  remains : 

(C*H*0*      +       (HBr)       =       (C*H»BrO*) 

FqhuitIc  Hydrobromic  Monobromo* 

acid.  add.  Baodnic  add. 

K^kule,  who  discovered  these  facts,  gives  the  following  explanation 
of  them : 

Succinic  acid,  which  we  will  take  as  example,  contains  two  atoms  of 
hydrogen,  both  of  them  typical  and  basic.  It  may  be  considered  as  con- 
taining four  atoms  of  carbon  in  juxtaposition,  the  two  external  of  which 
retain  three-fourths,  and  the  two  centre  ones  only  half  of  their  capacity 
for  saturation.     The  following  figure  indicates  iJiis  constitution  : 

Ct        i         0 0       b 

Crzi:_l     l)(D  ®(l     I     I    TTi — nl'J 
j7]  CCZDOZIZEZD  ®  (f)C*     ■     I     i^ 


O  C         -^         Cc 


K^kul^  supposes  that,  in  the  two  external  atoms  of  carbon  Ca  and 
G€j  one  atomicity  is  saturated  by  oxygen  0,  the  second  centre  of 
attraction  of  which  is  united  to  hydrogen  H.  This  hydrogen,  united  to 
the  carbon  by  means  of  the  oxygen,  is  typical.  Moreover,  K^kul^ 
supposes  that  the  two  atomicities  which  remain  in  the  two  external 
atoms  of  carbon  are  saturated  by  oxygen,  the  vicinity  of  which  gives 
basic  properties  to  the  hydrogen.  There  remain  the  two  interme- 
diate atoms  of  carbon,  which  have  each  two  atomicities  saturated  by 
hydrogen.  If  one  of  these  two  atoms  of  carbon  were  to  lose  the  two 
atoms  of  hydrogen  to  which  it  is  united,  we  should  have  a  non-satu- 
rated acid,  which  could  combine  directly  with  hydrogen  or  any  other 
monatomic  body.    The  form  of  the  molecule  will  be  different,  accord- 
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ing  to  whether  it  be  one  or  the  other  of  the  two  atoms  of  carbon 
which  has  lost  its  hydrogen,  and,  consequently,  we  may  have  two 
isomerio  acids,  as  the  two  following  figures  represent : 


eg       i       C 


ti     I     LJD®  0n — I     ■     i.)C 

( i     I  Ti     ^1     I     i  )  .     .  ( ■     ■     I     n 

O  C  Ca 


C 


and 


if 


ce  c 

( i     I      i_0    »    .  G~    I     t     i  X 

c\  n    ryr   i    i    i  ^  ®  ®  ci    i    i    i  ^ 

%^^      ^     ^     «» 

It  will  be  seen  by  these  figures  that  it  is  sometimes  at  the  cost  of 
the  one,  and  sometimes  at  that  of  the  other  of  the  two  middle  atoms  of 
carbon,  that  the  elimination  of  the  hydrogen  is  effected. 

If  hydrogen  be  added  to  the  nonnsaturated  body,  in  both  cases  ^e 
molecule  assumes  the  single  form  assigned  to  the  saturated  acid.  On 
the  contrary,  if  bromine  be  added,  it  takes  the  place  of  the  absent 
hydrogen,  and  consequently  occupies  different  positions,  according 
as  the  gap  left  by  the  disappearance  of  the  hydrogen  is  at  the 
one  point  or  the  other.  There  are  therefore  two  isomeric  brominated 
acids,  as  the  following  figures  indicate : 


eg       i        e  0  TJo 

Ci^i     I  "T)  (D   ®  n — ^1     i_LXl     D  'o 
Ci      DCT — i      I      I  )  (ft   ®  (i      I      i      n 


C 


o        c       -sr      Ca 


Br 


and 


Br 


HeP 


C6  CO 

Ci — rx  i     I     i     I)  CD   a)(i     I     I     i  ) 


!o 


€ 


O  C  -g-  Ca 


According  to  this  hypothesis  of  K^kul^,  therefore,  the  number  of 
isomers  possible  depends  on  the  number  of  atoms  of  carbon  interme- 
diate between  the  two  external  atoms.  To  succinic  acid,  which  con- 
tains two,  there  should  correspond  two  bibrominated  derivatives  and 
two  non-saturated  bodies ;  to  pyro tartaric  acid,  which  contains  throe, 
there  should  correspond  three ;  and,  in  general,  to  any  acid  there  should 
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correspond  a  number  of  these  equal  to  n— 2,  n  being  the  number  of 
atoms  of  carbon  it  contains. 

The  theory  is  verified  in  the  two  cases  hitherto  observed.  Two 
non- saturated  isomers  correspond  to  succinic  acid  and  three  to  pyro- 
tartaric  add. 

This  hypothesis  is  correctly  based :  the  isomerism  of  the  acids  in 
question  is  owing  to  the  place  left  vacant  by  the  hydrogen ;  but  we 
believe  that  E^kuU  is  mistaken  in  his  attempt  to  determine  this  place. 
We  think  the  formulae  he  gives  are  not  those  of  isomeric  but  of  identical 
acids.  All  being  symmetrical  in  the  formula  of  succinic  acid,  and 
each  internal  atom  being  equally  near  (CO*n),  it  is  of  little  conse- 
quence whether  the  hydrogen  have  been  eliminated  at  the  cost  of  one 
or  the  other. 

But  there  is  another  mode  of  isomerism  possible,  that  which  causes 
the  isomerism  of  oxide  of  ethylene  and  aldehyd :  the  hydrogen  may  be 
eliminated  at  the  cost  of  a  single  atom  or  of  two  atoms  of  carbon. 

Hence  the  possibility  of  two  acids  C^H^O^ : 


Ist. 
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2nd. 
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and  of  four  acids  answering  to  the  formula  C^H*0* 


1st. 


Ce        H  C  H         Ca 

(I     I     i     D®    .  (T     i     i     i).    ®  Q — >     i     n 
(T — IX  I  _  t     i     ■:>  ®  ®  (til   "Txi     i^  r 

o         c       -^       c         o    To 
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=      -< 
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1 
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2nd. 


ce      H  c       ,^     \Ca 

(T~r¥i-i    I-  1^  ®    .  GZXZCZDarZD 
C         H  C 


i? 


v&> 


3rd. 
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ce  c ,j;i.      Ca 
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4th. 


H 


C 


H 


D®  ®(Ti 
*    i"n 


TZD®  ®a 

•  OH! 


Ca 
T — I 


X) 


c 


r-nDcT—nn 


0 


H^l 


OH 

O" 

H 


=      ■< 


C 

i 

in 

I 

CH" 
i,0" 


=     •< 


C 


h: 


OH 
0" 


CH« 
CH« 

io" 


C 


=  < 


OH 
O" 

H« 


C: 

CH« 
I  0" 
^OH 


The  modificatioii  we  propose  in  M.  E^knl^'s  theory,  supposes   a 
fourth  isomer  of  itaconic,  citraconic,  and  mesaconic  acids. 

Condensed  Aoids. — The  biatomio  radicles  of  this  group  ought,  like 
all  the  others,  to  have  the  property  of  accumulating  in  the  molecules* 
giving  products  of  condensation.  These  product*  have,  however,  been 
little  studied.  As  yet,  disuccinic  acid,  described  by  Schiff,  is  the  only 
condensed  acid  of  tiiis  group  known.  According  to  this  chemist,  it  is 
formed  when  succinic  acid  is  carefully  heated,  so  as  not  to  produce 
complete  dehydration : 

•H*0*' 
•H*0" 


Snocinlc  add. 


Water. 


Disacdnic  add. 


Adda  of  this   Oroup  whioh  are  actually  known.  —  Saturated 
Acids  : 

1st  In  the  series  C"H*— H)* : 

Oxalic  acid  C'H^O*,  corresponding  to  the  glycol  C*H*0*. 

Malonic  acid  C*H*0*,  corresponding  to  propyl-glycol  CtH'O". 
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Sncoino  acid  C*H*0*,  correspoading  to  butyl-glycol  C*H*  '0\ 
Pyrotartario  acid  C*HH)^  corresponding  to  amyl-glycol  C*H**0*. 
Adipio  acid  C*H**0,  corresponding  to  hexyl-glycol  C'H"0'. 
Pimelic  acid  CH*K)*,  corresponding  to  heptyl-glycol  CTH^O"*. 
Suberic  acid  C'H"0*,  corresponding  to  octyl-glycol  C'H"0'. 
Sebaoio  acid  C»*H»«0\  corresponding  to  decyl-^ycol  C*°IP*0"». 

2nd.  In  the  series  CH'^-^O* : 

Qninonic    acid    C^H*0*,    corresponding    to    the    unknown    glycol 

3rd.  In  the  series  C"H*^'<^0* : 

Phthalio  acid  C^^^^  and]  its  isomer  terephthalic  acid,  correspond- 
ing to  toUyl-glycol  C*ff  *0* .• 

An  unnamed  acid  C*H^O\  obtained  by  the  oxidation  of  cumene 
procured  from  the  pitch  from  pit-coal,  and  of  cymene  procured  from 
camphor,  and  corresponding  to  an  unknown  glycol  C'H**0**. 

Insolinic  acid  C*°H*®0*,  corresponding  to  cumyl-glycol  C^^ffX)**. 

It  is  probable  that  these  four  latter  acids  are  saturated ;  nevertheless, 
it  has  not  yet  been  proved  experimentally  that  they  are  incapable  of 
uniting  with  chlorine  or  bromine  by  simple  addition  ;  their  saturation 
is  therefore  as  yet  hypothetical. 

Nox-Sa-TURated  Acids. — ITiese  belong  to  the  series  C"H**~*0*,  and 
are: 

Maleic  and  fu marie  acids  C'H*0*,  corresponding  to  a  glycol  C^H'O**. 

Itaconic,  citraconic,  and  mesaconic  acids,  C*H*0*,  corresponding  to 
a  glycol  C*ff ^0*». 

Camphoric  acid  C*®H**0*  also  appears  by  its  formula  to  belong  to 
this  series  ;  but  it  is  more  probable  that  it  beloogs  to  a  pamllel  series, 
the  different  terms  of  which  are  saturated.  In  fact,  the  camphorate 
of  ethyl  when  acted  upon  by  chlorine  gives  no  product  of  addition, 
and  Iteboul  has  recently  demonstrated  that  the  non-saturated  bodies 
retain  their  property  of  uniting  directly  with  chlorine  or  bromine  in 
the  ethers  they  form. 

There  alt^o  exist  other  acids  which  contain  four  atoms  of  oxygen, 
such  as  orsellic  acid  C^*0*,  parellic  acid  C'fl'O*,  eveminic  acid 
C'ff°0*,  etc.,  but  these  bodies  are  not  sufficiently  known  for  it  to  be 
certain  whether  they  belong  to  this  group  or  to  another. 


SrUDY   OF   THK   MOST   IMPORTANT   AciDS   OP   THIS   GrOUP. 

Oxalio  Add  (C*HW). — Oxalic  acid,  the  first  term  of  the  series  of 
acids  which  correspond  to  the  general  formula  C^H"""*©*,  possesses  a 
molecule  which  is  much  less  stable  than  that  of  its  homologties,  and 
which  therefore  has  peculiar  propertiea 

2r 
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Preparation. — Ozalio  aoid  is  formed  when  an  organic  sabstance  is 
strongly  oxidized.  The  most  simple  means  of  obtaining  it  consists  in 
boiling  sngar  with  Tery  dilute  nitric  acid,  and  then  crystallizing. 
This  acid  may  also  be  extracted  from  several  vegetables  of  the  Bumex 
species,  in  which  it  exists  in  the  state  of  acid  salts.  It  is  also  extracted 
from  the  oxalate  of  potassium,  which  is  produced  in  considerable 
quantity  when  impure  cellulose  (saw- dust)  is  submitted  to  the  action 
of  fused  potash. 

Properties. — 1st.  Oxalic  acid  is  bibasic,  and  consequently  forms, 
like  its  homolc^es,  both  acid  and  neutral  salts,  acid  and  neutral  ethers, 
and  two  amides ;  it  may  also  form  quadr^acid  salts  resulting  from  the 
juxtaposition  of  a  molecule  of  oxalic  acid  and  a  molecule  of  a  bin- 

(C*0*" )         CO*" )     \ 
KHf^*         m[0*j. 

These  latter  bodies  should  be  considered  not  as  atomic  combinations, 
but  as  molecular  unions  analogous  to  the  compounds  which  contidn 
water  of  crystallization. 

2nd.  Oxalic  anhydride  cannot  exist  In  every  reaction  leading  to 
its  production  it  splits  up  into  oxide  of  carbon  and  carbonic  anhydride. 
Thus  all  bodies  having  great  affinity  for  water  transform  oxalic  acid 
into  a  mixture  of  these  two  gases : 

("^l  0-)  +  rS}  0-)  -  C?:[  0-  +  1.)  +  (CO)  +  (00.) 

Oxalic  add  Solphuric  add.  Hydrate  of  snlphorlc  add.  Osldeof       Oarbonic 

carboiL.        anbydride. 

3rd.  Certain  bodies,  at  the  head  of  which  glycerine  may  be  placed, 
decompose  oxalic  acid  into  formic  acid  and  carbonic  anhydride  by 
catalytic  action : 

(C«H«O0     =     (CH'O*)    +    (CO*) 

OxaUc  add.  Formic  add.  CarboDic 

anhydride. 

4th.  Chlorine  and  bromine  seize  the  hydrogen  of  oxalic  acid,  and 
carbonic  anhydride  is  foimed : 


( 


'^\'^)  +  S!  - 

'(SI) 

+    2(C0«) 

OzaUc  add.                  Chlorine. 

Hydrochloric 
add. 

Carbonic 
anl^drida 

Oxidizing  agents  act  in  the  same  way ;  only  in  this  case  water  is 
formed  instead  of  hydrochloric  acid. 

5th.  Oxalic  acid,  heated  with  lime,  produces  carbonate  of  calcium 
and  disengages  hydrc^en : 

(C^t  C)    +    ,(aO)    .     .(S;,]  0.)    +    HJ 

Oxalic  add.  Lime.  Carbonate  of  caldom.  Hydrogen. 
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6th.  When  the  oxalates  are  calcined,  oxide  of  carbon  is  disengaged, 
and  a  residue  of  carbonate  is  left : 

(Tl  ^)  -  CO  +  {z\  »■) 

Calcic  oxalate.  Oxide  of  Carbonate  of 

carbon.  caldnm. 

7th.  The  tendency  of  oxalic  acid  to  lose  its  hydrc^n,  either  in  the 
state  of  water  or  of  h^'drochlorio  ^acid,  makes  it  a  reducing  agent.  It 
precipitates  gold  from  its  chloride,  but  does  not  act  on  chloride  of 
platinum.  Its  reducing  power  is  therefore  less  than  that  of  formic 
acid,  which  reduces  this  chloride.  These  properties  of  oxalic  and 
formic  acids  may  be  used  to  separate  gold  from  platinum. 


TRIATOMIC  ACIDS. 

Triatomic  alcohols  may  exchange  H'  for  0,  orH*  for  0*,  or  H'  for  0\ 
Thence  three  groups  of  acids,  all  triatomic  like  the  alcohols  from  which 
they  are  derived. 

Among  these  acids,  the  first,  those  which  result  from  the  substitu- 
tion of  0  for  H',  are  triatomic  and  monobasic ;  the  second,  those  resulting 
from  the  substitution  of  0"  for  H^  are  triatomic  and  bibasic ;  the  last, 
which  contain  three  atoms  of  oxygen  of  substitution,  are  both  triatomic 
and  tribasic. 


TBIATOMIC  AND  HOITOBABIC  ACIDa 

These  acids  always  contain  four  atoms  of  oxygen.  It  is  possible  that 
certain  natural  acids,  the  molecules  of  which  contain  O^,  belong  to  this 
group,  but  this  is  not  yet  demonstrated.  As  yet  only  four  acids  of  this 
class  are  known  with  certainty.     These  are  : 

Glyceric  acid  CH®0*,  corresponding  to  propyl-glycerine  C?E.Hy. 

Dioxybutyric  acid  C^HH)*,  corresponding  to  butyl-glycerine 
C*H'W*. 

Oxysalipylic  acid  C^H'O*,  corresponding  to  oxysaligenin  C^H'O**. 

Eugenitic  acid  C^H^^O^,  obtained  by  the  reaction  of  sodium  and 
carbonic  anhydride  on  eugenic  phenol  (oil  of  cloves),  and  corre- 
sponding to  an  unknown  glycerine  C^'H'^O'.  These  acids  have  not  as 
yet  been  much  studied ;  it  is  only  known  that,  in  their  double  decom. 
position  with  bases,  they  only  exchange  a  single  atom  of  hydrogen  for 
positive  metals. 

It  is  probable  that  if  these  acids  could  be  acted  on  by  the  perchloride 
of  phosphorus,  without  being  decomposed,  they  would  give  the  trichlo- 
rides : 

(C»H-0C1«),  (C*H«0C1»),  (CHHXJP),  and  (C"H'0C1«). 

2  R  2 
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These  oblorides,  treated  with  water,  would,  aooording  to  all  appear- 
ance, farnish : 

The  first,  bichloro-propionic  acid  .      .  C*H*C1K)*. 

The  second,  bichloro-bntyric  acid  •      .      .  C*H*C1*0". 

The  third,  bichloro-benzoic  acid      .      .      .  (7H*C1*0". 

The  last,  an  acid C"ff«ClK)«. 

((?H«OCT)    +    (H'O)     =     (HCl)    +    (C?H*C1K)«), 

Chloride  of  Water.  Hydrochloric  BteUoro-proplonic 

tHjotryX  (unknown).  add.  add. 

In  reality,  of  the  three  atoms  of  typical  hydrogen  which  form  the 
three  groups  OH  for  which  chlorine  may  be  substituted,  only  one  is 
basic,  the  others  are  alcoholic.  Now,  the  oi^nic  chlorides  in  which 
chlorine  is  substituted  for  the  residues  OH  of  which  the  hydrogen  is 
alcoholic,  cannot  be  decomposed  by  water,  while  those  in  which  the 
chlorine  is  substituted  for  the  residues  OH  containing  basic  hydrogen, 
are  capable,  under  the  influence  of  water,  of  i*egaining  the  residue  OH 
in  exchange  for  their  chlorine. 

It  is  also  probable  that  on  operating  on  these  trichlorides  in  the 
same  way  as  on  chloride  of  lactyl,  mono,  bi,  tri,  alcoholic  ethers  would 
be  obtained ;  and  that  moreover  there  might  be  procured  two  isomeric 
bi-alooholic  ethers  and  two  isomeric  mono-alcoholic  ethers,  the  first 
neutral,  the  others  acid. 

In  a  word,  glyceric  acid  ought  to  be  able  to  give  rise  to  derivatives 
analogous  to  those  furnished  by  lactic  acid,  but  more  numerous,  because 
it  possesses  three  atoms  of  typical  hydrogen  while  lactic  acid  only  con- 
tains two.* 

TBIATOHIC  AISTD  BIBA8IC  ACIDS. 

No  acid  of  this  order  has  as  yet  been  obtained  by  the  direct  oxidation 
of  the  corresponding  alcohols.  But,  two  acids  are  known,  of  which  one 
certainly,  and  the  other  probably,  belongs  to  this  group.    These  are  : 

Tartronic  acid  (CHH)"),  obtained  by  the  spontaneous  decomposition 
of  nitrotartaric  acid ;  and  malic  acid  (C^H'O^),  obtained  by  the  action 
of  moist  oxide  of  silver  on  monobromo-succinic  acid,  and  which  also 
exists  in  many  vegetable  products.  * 

As  malic  acid  is  the  only  acid  of  this  group  which  has  been  much 
studied,  we  will  conGne  our  remarks  to  it. 

*  In  the  first  edition  glyoxylic  acid,  CPHH)*,  waa  included  among  the  monobame 
triatomic  acids.  Since  then,  Dr.  Debus  has  demonstrated  that  the  formula  of  this  add 
is  C^^O  ,  and  that  a  triatomic  acid  of  the  formula  G>HH>  is  impossible,  because  it 
would  require  that  20H  should  be  fixed  on  the  same  atom  of  carbon,  of  which  we 
have  no  established  example.  According  to  this  new  formula,  glyoxylic  acid  would 
be  a  half-acid,  half-aldehyd  body.    {See  Aldehyds.) 


CD  (TZD  azx:  JZX) 

HO  C 
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Malio  Add  I  C*H*0»"70H  L — ^Preparation. — let.  Malic  acid  may  be 
\  lOH/ 

prepared  syntlietioallj  by  means  of  moist  oxide  of  silver  and  mono- 
bromo-succinic  aoid : 


2(C^H»0»"X0H| 

\        ml 

BroDKienocinlc  acid. 


\j^}0\    +    /g}o\     =   2/c^«0*"|oH^ 


Oxide  of  lilver. 


Water. 


lOH/ 

Malk  add. 


(ifi) 


+     2 

Bromide  of  silyer. 

This  method  of  preparation,  though  very  interesting  from  a  theo- 
retical point  of  view,  has  no  practical  utility. 

2nd.  Malic  acid  may  also  be  obtained  by  causing  nitrous  acid  to  act 
on  asparagin  (malo-diamide),  or  on  aspartic  acid  (malic  monamide) : 


H»0 


%ftt 


+ 


^fS}o)     -     ^©) 


Asparagin. 


+     2 


(i)o)   +   ( 


Water. 


Nitrons  add. 

(0H\ 

ml 

Malic  add. 


Nitrogen. 


3rd.  Malic  acid  occurs  ready  formed  in  a  number  of  vegetables 
whence  it  may  be  extracted.  It  is  usually  taken  from  the  berries  of 
the  service-tree,  which  yield  it  very  plentifully. 

These  berries,  either  ripe  or  not,  are  crushed,  and  the  juice  extracted, 
clarified  by  boiling  with  white  of  egg,  and  digested  with  a  slight  excess 
of  carbonate  of  lead,  which  is  added  gradually  till  effervescence  ceases. 
Different  insoluble  plumbic  salts  are  thus  formed,  and  among  them 
malate  of  lead,  which  is  scarcely  soluble  in  the  cold,  but  is  rendered 
more  soluble  by  heat. 

When  the  liquid  becomes  cold  it  is  filtered,  and  the  precipitate  after 
being  washed  several  times  with  cold  water,  is  boiled  with  water  and 
filtered  while  hot.  On  cooling,  brilliant  needles  of  malate  of  lead 
are  deposited  and  separated  by  filtration.  '  The  liquid  which  contained 
these  needles  is  again  boiled  with  the  residue  of  the  first  treatment, 
and  the  operation  is  thus  continued  until  plumbic  malate  is  no  longer 
deposited. 

The  maUte  of  lead  thus  obtained  is  pulverized,  suspended  in  water, 
and  decomposed  by  a  current  of  hydrosulphuric  aoid.  Then  it  is 
filtered  to  remove  the  sulphide  of  lead  precipitated,  and  the  filtered 
liquid  is  boiled  to  free  it  from  the  excess. of  sulphuretted  hydrogen, 
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and  evaporated  to  the  oonsifitenoe  of  a  thick  symp,  which,  on  standing 
some  time,  deposits  CTystallized  malic  acid. 

This  malic  acid,  however,  is  not  pure ;  it  contains  tartaric  and  citric 
acids,  and  tartrate  of  calcinm.  In  order  to  purify  it,  instead  of  evapo- 
rating its  solution  to  a  syrupy  consistence,  it  must  be  divided  into  two 
equal  parts,  one  of  these  exactly  saturated  with  ammonia,  and  then  the 
two  again  mixed.  Bimalate  of  ammonium  is  thus  formed.  This  salt 
crystallizes  very  readily,  and  may  easily  be  separated  from  the  other 
bodies  with  which  it  is  mixed  by  two  or  three  crystallizations  from 
water. 

When  the  ammonic  bimalate  is  pure,  it  is  dissolved  in  water,  and 
its  solution  precipitated  by  acetate  of  lead.  The  precipitate  is  well 
washed  and  suspended  in  water,  through  which  a  current  of  sulphur- 
etted hydrogen  is  transmitted  until  the  decomposition  is  complete, 
after  which  the  liquid  is  filtered,  evaporated  to  a  syrupy  consistence, 
and  left  to  crystallize. 

The  malic  acid  extracted  from  the  berries  of  the  service-tree,  or 
obtained  from  asparagin  or  natural  aspartic  acid,  is  levogyrate.  That 
formed  by  the  action  of  oxide  of  silver  on  bromo-succinic  acid  is,  on 
the  contrary,  quite  inactive.  An  inactive  malic  acid  is  also  obtained 
by  treating  nitrous  acid  with  inactive  aspartic  acid : 


Inactive  aqwrUc  add. 


+  fflo)   .   I]  +  (g|o) 


I       N1  irons  add. 


NitKgeD. 


Water. 


IC 


roH\ 

lOH/ 

Inactive  malic  add. 


This  inactive  aspartic  acid  is  prepared  by  boiling  with  hydiychlorio 
acid  the  fumarimide  produced  when  acid  malate  of  ammonium  is  ex- 
posed for  several  hours  to  a  temperature  of  160° — 200° : 

(c*H»0''"|oH   J     =     ^(hN)    +    (C*H»0«N) 


Add  malate  of  ammonium* 


Water. 


Fomarimide. 


(Cffcra)  +  2(]^lo")   = 


Fumarimide. 


Water. 


Properties. — The  aqueous  solution  of  active  malic  acid,  when  eva- 
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porated  to  a  syrapy  consistence,  and  left  in  a  warm  place,  depositfl 
this  acid  in  the  form  of  small  lumps  composed  of  four-  or  six-sided 
prisms.  It  melts  at  100°  (Pasteur),  but  does  not  lose  weight  at  120° ; 
it  has  a  very  acid  taste,  and  is  very  soluble  in  water,  and  deli- 
quescent. 

Its  aqueous  solution  is  levogyrate.  When  saturated  by  bases  it  is 
sometimes  levogyrate  and  sometimes  dextrogyrate.  Organic  or 
mineral  acids  have  a  tendency  to  make  it  become  levogyrate. 

Inactive  malic  acid  crystallizes  more  readily  than  that  possessing 
rotatory  power ;  it  is  less  soluble  in  water,  is  not  deliquescent,  and 
does  not  melt  below  133°. 

When  heated  to  176°,  malic  acid  loses  a  molecule  of  water,  and  is 
transformed  into  two  new  acids ;  maleic  and  fiimaric  acids  {G*13*0*) 
{see  Non-saturated  Biatomic  and  Bibasic  Acids).  These  bodies  are  not 
anhydrides  of  malic  acid.  They  are  biatomic,  while  the  first  anhy- 
dride of  malic  acid  could  not  have  an  atomicity  greater  than  unity. 
They  therefore  result  from  a  more  complete  decomposition,  and  one  of 
the  atoms  of  hydrogen  which  goes  to  form  the  water  eliminated  must 
have  been  furnished  by  the  radicle  of  the  malic  acid. 

Malic  acid  loses  an  atom  of  oxygen  when  heated  with  hydriodio 
acid,  and  returns  to  the  state  of  succinic  acid ;  iodine  is  set  free,  llie 
cause  of  this  phenomenon  is  the  same  as  that  of  the  reduction  of  lactic 
into  propionic  acid.  Probably  a  malic  iodhydrin  is  first  formed, 
which,  on  contact  with  an  excess  of  hydriodic  acid,  gives  iodine  and 
succinic  acid. 

The  solution  of  malic  acid  is  very  acid ;  it  can  never  be  completely 
saturated  by  earthy  carbonates,  unless  it  be  by  carbonate  of  magnesium : 
when  impure  it  becomes  mouldy  by  keeping. 

The  solution  of  malic  acid  does  not  precipitate  either  lime  or  baryta 
water,  nor  the  solutions  of  nitrate  of  silver  or  nitrate  of  lead,  but  it 
precipitates  mercurous  nitrate.  With  acetate  of  lead  it  gives  a  pre- 
cipitate which  becomes  crystalline  when  left  for  some  time  in  the 
liquor  whence  it  arises.    It  reduces  the  salts  of  gold. 

Heated  to  a  temperature  of  1 50°  with  an  excess  of  potash,  malic  acid 
is  transformed  into  acetate  and  oxalate,  disengaging  hydrogen : 

(C^H*0»)     -f     3^lo)     =     (C*K«0*) 

Malic  add.  Hydrate  of  Oxalate  of 

potaKtuuL  potaariom. 

-f     (C'H'KO*)    +    2(H«0)    -f     H* 

Acetate  of  Water.  Hydrogen. 

poiaaBiom. 

Ferments  transform  it  into  succinic  and  even  into  butyric  acid. 
Malic  acid  contains  two  atoms  of  hydrogen  which  may  be  replaced 
by  metals,  and  can  form  a  series  of  acid  salts  answering  to  the  general 
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/  (0M\ 

formula  I  C*BSy"<  OH  L  and  a  series  of  neutral  salta  whoee  general 
\  iOHf 

formula  in  \(?H*0""{OW\;  it  is  therefore  a  bibasic  add.    But  be- 

\  lOH  / 

tildes  these  two  atoms  of  basio  hydrogen,  malic  acid  also  contains  a 
third  atom  of  hydrogen,  united  to  the  carbon  by  means  of  oxygen,  and 
is  triatomic.     There  are  nnmerons  proofs  of  its  triatomicity. 

Eveiy  time  a  new  atom  of  oxygen  of  addition  is  introduced  into  an 
acid  or  an  alcohol,  the  atomicity  of  these  bodies  increases  by  unity. 
Malic  acid,  derived  from  biatomic  buocinic  acid  by  the  addition  of  an 
atom  of  oxygen,  ought  therefore  to  contain  an  atom  of  typical  hydrogen 
more  than  the  latter :  it  should  bo  triatomic. 

Neutral  bialcoholic  malic  ethers,  and  acid  monoalcoholic  ethers 
acting  as  monobaKic,  are  known ;  it  is  probable  that  acid  mono- 
alcoholic  bibaisio  ethers,  acid  bialcoholic  ethers,  and  trialcoholic  ethers 
might  also  be  prepared.  Perhaps  trialcoholic  ether  might  be  obtained 
by  substituting  potassium  for  hydrogen  in  the  neutral  bialcoholic  ether, 
and  by  treating  this  potassic  product  by  an  h3'driodic  ether. 

Recently  the  atom  of  typical  hydrogen  still  contained  in  the  bial- 
coholic ethers  of  malic  acid  has  been  replaced  by  acetyl.  This  is  done 
by  heating  these  ethers  with  chloride  of  acetyl.  Hydrochloric  acid  is 
disengaged  during  the  reaction : 

^C^HH)^"'|og3^  +  C^^S  })        CI }  +  (^'^""{g^io) 

Diethylic  malate.  Chloride  of  acetyl.       Hydro-  AoctoHUttbylfcmalate. 

chluric  acid. 

Malic  acid  ought  also  to  form  scveiiil  amides :  Ist,  a  neutral  tri- 
amide ;  2nd,  a  neutral  and  an  acid  diamide ;  3rd,  an  acid  monobasic 
monamide  and  an  acid  bibasic  monamide.  Three  of  these  bodies  are 
known,  viz.,  the  neutral  diamide  obtained  by  causing  ammonia  to  act 
on  diethylic  malate,  acid  diamide  or  asparagin,  which  is  found  in  the 
vegetable  kingdom,  and  an  acid  bibasic  monamide,  aspartic  acid, 
which  is  derived  from  asparagin  by  the  action  of  bases. 

The  production  of  these  different  bodies  is  very  difficult,  as  the 
molecule  of  malic  acid  is  already  much  too  complicated  to  resist  the 
action  of  pentachloride  of  phosphorus,  and  the  formation  of  the 
chlorides  is  the  most  convenient  method  of  preparing  the  different 
derivatives  of  the  acids. 


TBIATOMIC  AND  TBIBASIC  ACIDS. 

Only  a  very  few  acids  of  this  class  are  known  with  certainty; 
the  most  important  are:  aconitic  acid  C*H*0^  and  carballylic  acid 
CH'O*.     The  latter  has  been  obtained  by  the  action  of  nascent  hy- 
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drogen  on  aconitio  acid.  Maxwell  Simpson  has  also  prepared  it 
by  causing  alcoholic  solution  of  potash  to  act  on  the  tricyanide  of 
glyceryl  (C»H»(CN)») : 


(- 


^    InS)    +    Kh}^)    +    ^(h}^)     =     3^^) 


QyanldeofglyoeryL  Poiub.  Water.  Ammonia. 

/  fCO'K\ 

+    (C«H»"VCO»KI 

\  icO'K/ 

Potaasic  salt  or  the  new  add. 

This  acid  corresponds  to  a  hexylic  glycerine  C'H^^O**,  from  which  it 
differs  by  the  substitution  of  O'  for  H*. 

Carballylic  acid  has  not  been  mnch  studied,  but  it  cannot  be 
doubted  that  it  possesses  the  properties : 

1st.  Of  forming  two  series  of  acid  salts  and  one  series  of  neutral 
salts. 

2nd.  Of  forming  three  senes  of  ethers ;  the  first  monoalcoholic  and 
bibasic,  the  second  bialcoholic  and  monobasic,  the  last  trialcoholic  and 
neutral. 

3rd.  Of  giving  rise  to  acid  bibasic  monamides,  to  acid  monobasic  di- 
amides,  and  to  neutral  triamides. 

It  is  possible  that  if^  in  Maxwell  Simpson's  acid,  an  atom  of  bromine 
were  substituted  for  an  atom  of  hydrogen,  and  then  moist  oxide  of 
silver  were  made  to  act  on  this  body,  citric  acid  would  be  obtained 
synthetically : 

2(C«ffBiO«)     +     (Ag»0)     -f-     (H*0)     =   2((?H'0')     +     2(AgBr) 

Bromo-carballyllc  Oxide  of  Water.  Citric  acid.  Bromide  of 

add.  silver.  silver. 

Aconitio  acid  may  be  extracted  from  the  Aconitum  napdlus,  in  which 
it  exists  ready  formed,  but  it  is  more  easily  prepared  by  decomposing 
citric  acid  by  heat.  For  this  purpose  citric  acid  is  heated  in  a  retort 
until  oily  streaks  appear  in  the  receiver.  The  operation  is  then 
arrested,  the  residue  contained  in  the  retort  is  dissolved  in  five  times 
its  weight  of  absolute  alcohol,  and  the  solution  is  submicted  to  the 
action  of  a  current  of  dry  hydrochloric  acid  gas.  When  this  acid 
ceases  to  be  absorbed,  the  solution  is  precipitated  by  water,  and  an 
oily  layer  of  aconitio  ether  forms.  This  ether  is  saponified  by  an 
alkali,  the  alkaline  solution  is  precipitated  by  acetate  of  lead,  and  the 
aconitate  of  lead  suspended  in  water  is  submitted  to  the  action  of  a 
current  of  h^'drosulphuric  acid.  Sulphide  of  lead  and  aconitio  acid 
are  formed ;  they  are  separated  by  filtration,  and  the  solution  of  aconitio 
acid  is  evaporated. 

This  acid  is  very  soluble  in  water,  alcohol,  and  ether.   When  heated. 
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it  becomes  brown  at  130^  ia  liquefied  at  140%  and  boils  at  160° ;  it  then 
decomposes  into  carbonic  anhydride  and  itaconic  acid ; 

(C«H«0«)     =     (C0»)     +     (C«H«0*) 

AoonlUc  Carbonic  lUoonic  add. 

add.  anhydride^ 

Aconitic  acid  is  converted  into  succinic  acid  when  the  aconitate  of 
calcium  is  fermented  in  contact  with  cheese. 

It  is  a  triatomic  and  tribasic  acid,  and  gives  two  series  of  acid  and 
one  of  neutral  8alt& 


TETB  ATOMIC  ACIDS. 

We  ought  to  be  able  to  obtain  these  acids  by  the  direct  oxidation  of 
tetratomio  alcohols.  In  fact,  erythrite  in  concentrated  solution  gives 
an  acid  when  acted  on  by  platinum  black,  but  this  acid,  which  is 
probably  tetratomio,  has  not  as  yet  been  studied. 

In  the  ordinary  tetratomic  alcohols  which  contain  20H  gp-ouped  as 
(CH*0H)  or  (Cnon),  the  substitution  of  0  for  H«  is  only  possible 
twice.  But  in  tetratomic  alcohols  containing  three  or  four  times 
the  group  (CH'OH),  this  substitution  would  be  possible  three  or  four 
times.  The  former  alcohols  can  only  therefore  give  rise  to  mono-  or 
bibdsic  tetratomic  acids ;  the  latter  would  form  tetratomic  mono,  hi,  tri, 
and  tetrabasic  acids. 

In  fact,  five  tetratomic  acids  are  known :  two  of  them  are  mono- 
basic,  these  are  gallic  acid  (C^H*0»)»  and  erythric  acid  (C*H^y)  ? ; 
two  are  bibasic,  tartaric  acid  (C*H«0«)  and  an  acid  (C^H^^*)  stiU 
unnamed,  obtained  by  K^kul^  by  treating  dibromopyrotartaric  add 
by  moist  oxide  of  silver.  The  fifth,  citric  acid  (CHW),  is  tri- 
basic. 

Erythric  acid  is  derived  fi'om  erythrite  (C*H*^)  by  the  substitution 
of  O  for  H'.  Tartaric  acid  also  appears  to  be  derived  from  this  same 
alcohol  by  the  substitution  of  O*  for  H*.  The  alcohol  corresponding 
to  citric  acid  is  still  ufiknown  :  its  rough  formula  would  be  (C*H^*0*), 
and  its  rational  formula : 


f  CH«OH  p 

p  I  CIPOH  ^ 

,  J  CH»on 

Mil ^^    c 

n 

I  CH*OH  c 


rCH*OH 

CH«OH 
II 


OH      : 
H 

H- 
CH'OH 


it  would  belong  to  the  hexylic  series. 

Griiuaox  was  the  fint  to  oonsider  guUio  add  ea  tetratomic  and  mouoboaic. 


*  rji 
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Gallio  Aoid  (  tt4  >0^  +  aq.  j. — This  acid  exists  ready  formed  in  a 

large  number  of  vegetables,  and  is  readily  prepared  by  tbe  trans- 
formation of  a  substance  contained  in  the  gall-nut,  known  as  tannin 
or  gallotannic  acid. 

The  most  simple  method  is  to  leave  powdered  gall-nuts  moistened 
with  water  for  some  weeks  at  a  temperature  of  20°  or  25° :  the  mass 
swells  and  becomes  mouldy.  In  about  a  month  it  is  pressed,  and  the 
water,  which  contains  much  colouring  matter  but  very  little  gallio 
acid,  is  thrown  away ;  the  residue  is  then  digested  in  boiling  water, 
from  which  crystals  of  impure  gallio  acid  are  deposited  on  cooling. 
These  crystals  are  purified  by  being  again  dissolved  in  seven  or  eight 
times  their  weight  of  boiling  water,  and  bleaching  the  solution  by 
animal  charcoal. 

Tannin  may  also  be  transformed  into  gallic  acid  by  heating  it  with 
dilute  mineral  acids  or  with  alkaline  solutions.  The  latter  method  is  the 
least  to  be  recommended,  inasmuch  as  the  alkalies  decompose  the  gallic 
acid  as  it  is  formed.  The  dilute  acids  give  better  results  and  allow  the 
operation  to  be  conducted  rapidly.  According  to  Stenhouse,  the  best 
method  consists  in  digesting  tannin  for  a  day  with  sulphuric  acid 
diluted  with  seven  or  eight  times  its  weight  of  water,  care  being  taken 
to  occasionally  replace  the  water  evaporated.  The  liquid,  concen- 
trated at  a  gentle  heat,  deposits  crystals  of  gallio  acid  which  are 
scarcely  coloured,  and  the  weight  of  which  is  almost  equal  to  that  of 
the  tannin  employed. 

Gallic  acid  crystallizes  in  long  silky  needles.  The  crystals  have  a 
slightly-acid  taste,  but  are  without  odour ;  they  dissolve  in  100  parts 
of  cold  and  3  parts  of  boiling  water ;  alcohol  and  ether  also  dissolve 
them :  they  contain  a  molecule  of  water  of  crystallization,  which  they 
lose  when  dried  at  100°. 

Heated  to  210°  or  216°,  gallio  acid  is  decomposed  into  pyrogallic 
phenol  and  carbonic  anhydride : 

(C^W)     =     (CO')     +     (C'H'O') 

Gallic  acid.  Carbonic  Pyrogallic 

anhydride.  phenoL 

When  protected  from  the  air  the  solution  of  gallic  aoid  is  preserved 
unaltered,  but  when  exposed  to  the  air  it  absorbs  oxygen  and  deposits 
a  black  sediment  This  oxidation  becomes  very  rapid  under  the 
influence  of  the  alkalies :  the  liquid  then  assumes  a  red  colour. 

Grallic  acid  colours  ferrio  salts  deep  blue.  It  does  not  precipitate 
vegetable  alkalies  nor  gelatine  when  pure,  but  when  mixed  with  gum 
it  precipitates  gelatine. 

When  gently  heated  with  concentrated  sulphuric  acid,  gallic  acid 
loses  a  molecule  of  water  and  is  converted  into  rufigallic  acid  : 

(C^H'O*)     =     (ETO)     +     (C^*0*) 

QalUc  add.  Water.  RnflgalUc  add. 
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Gallic  aoid  has  been  recently  obtained  by  Lautexnann  by  the  reaction 
of  moist  oxide  of  silver  on  dibromosalicylic  acid : 

((7H*Br'0»)     +    (Ag«0)    +    (ffO)     =     2(^f|)    +     ((7H«0') 

DibTomo-aallqrUc  Oxide  of  Water.  Bromide  of  Gallic  add. 

add.  kilvi  r.  silver. 


Appendix  to  OaUic  Acid. 

Tannin. — Qall-nuts,  coffee,  oak  bark,  and  many  other  vegetables  or 
parts  of  vegetables  contain  substances  which  precipitate  albumen, 
gelatine,  and  the  vegetable  alkaloids,  and  which  form  insoluble  com- 
pounds with  the  skin  of  animals,  fibrine,  etc.  The  generic  name  of 
tannins  is  given  to  all  these  substances,  but  they  nevertheless  differ 
from  each  other. 

Only  one  of  these  tannins  is  accurately  known — ^that  procured  from 
the  gall-nut — and  we  will  confine  our  remarks  to  it. 

In  order  to  extract  tannin  or  gallotannic  acid  from  gall-nuts,  these  are 
powdered,  and  digested  with  dilute  ether  in  a  percolator.  As  the 
liquid  percolates  through  the  gall-nuts,  these  yield  their  tannic  acid  to 
the  water,  while  the  ether  dissolves  the  fatty  matters  and  colouring 
substances.  On  standing,  these  solutions  separate  into  two  layers,  the 
lower  of  which  containing  the  tannin  is  removed,  and  evaporated  at 
100° :  the  tannin  is  procured  in  the  form  of  a  viti'eous,  yellowish,  very 
light  substance,  which  on  being  reduced  to  powder  presents  the 
appearance  of  crystalline  plates,  though  in  reality  it  is  not  crystallized. 

Tannin  is  soluble  in  water,  alcohol,  and  ether ;  it  precipitates  the 
ferric  salts,  a  very  dark  blue,  almost  black,  but  has  no  action  on  the 
ferrous  salts,  which  fact  explains  why  ordinary  ink,  obtained  by 
boiling  a  solution  of  a  ferrous  salt  with  gall-nuts,  becomes  darker 
when  exposed  to  the  air. 

Tannin  possesses  acid  properties,  and  enters  into  double  decompo- 
sition with  bases,  but  its  alkaline  salts  are  difficult  to  obtain,  because, 
on  contact  with  the  alkalies  and  air,  tannin  oxidizes,  and  is  transformed 
into  a  dark-red  substance,  identical  with  that  which  is  formed  when 
gallic  acid  is  submitted  to  the  same  reaction. 

Tannin  transforms  skins  into  leather :  so  great  is  their  affinity  that 
when  a  piece  of  skin  is  placed  in  an  aqueous  solution  of  tannin,  this 
skin  seizes  the  whole  of  the  tannin  in  solution.  The  process  of  tanning 
is  founded  on  this  property. 

Dissolved  in  water  and  left  in  the  air  in  presence  of  ferments,  tannin 
is  changed  into  gallic  acid ;  the  same  transfoimation  takes  place  under 
the  influence  of  boiling  dilute  acids  or  of  alkaline  solutions.  Chemists 
are  not  agreed  as  to  the  reaction  which  takes  place  in  this  case. 
According  to  some,  the  tannin  simply  oxidizes  and  produces  gallic 
acid,  water  and  carbonic  anhydride  being  formed  at  the  same  time : 
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(C*H»O'0      +      6(g})       =       6  (CO')      +       2(g}o) 

Tannin.  Oxygen.  Carbonic  Water. 

anliydrlde. 

Qallic  acid. 

Acoording  to  Strecker,  on  the  contrary,  tannin  is  a  gluco»ide,  which  is 
transformed  into  gallic  acid  and  glucose  on  absorbing  the  elements  of 
water.  The  carbonic  anhydride,  according  to  his  view,  is  owing  to 
the  fermentation  of  glucose;  the  following  would  be  the  equation 
according  to  this  hypothesis  : 

(C'^»0")     +     6(H*0)     =     3((7H«(?)     +     (C«H"(y  +  aq.) 

Tannin.  Water.  Gallioacid.  Glncoee. 

However,  the  late  experiments  of  Messrs.  Kawalier  and  Knop  tend 
to  prove  that  tannin  is  not  a  glucoside,  and  that  the  glucose  which 
is  sometimes  formed  during  its  transformation  into  gallic  acid  is  owing 
to  impurities.  Tannin  not  being  crystaUizable,  its  purification  is  very 
difficult 

Tartaric  Add. — There  exist  several  varieties  of  tartaric  acid  which 
differ  in  their  crystalline  form  and  by  their  rotatory  power ;  these  are : 
dextrotartaric  or  dextroracemic  acid,  laBvotartaric  or  Isevoracemic  acid, 
inactive  tartaric  acid,  paratartaric  or  racemic  acid,  and  artificial  para- 
tartaric  acid. 

Dextrotartaric  or  the  ordinary  acid,  thus  called  because  it  is  dextro- 
gyrate, is  extracted  from  the  cream  of  tartar  of  wine  casks,  which  is  an 
acid  tartrate  of  potassium  (C*H*KO*).  After  purifying  this  salt  by 
several  crystallizations  from  boiling  water,  it  is  again  dissolved,  and 
milk  of  lime  or  powdered  chalk  is  added  to  the  solution.  In  both 
cases  neutral  tartrate  of  calcium  is  precipitated,  and  neutral  potassic 
tartrate  remains  dissolved : 

2(C*H»K0')  -f  (CaO)   =  (C*H*K«0«)  +  (C*H-Ca"(y)  +  (H»0) 

Acid  tartrate  of  Ume.  Nentral  tartrate  Neutral  tartrate  Water. 

potasKlum.  of  potassium.  of  calcium. 

When  chalk  is  used,  the  reaction  is  accompanied  by  a  violent  disen- 
gagement of  carbonic  anhydride.  The  operation  is  arrested  when 
effervescence  ceases  and  ihe  liquid  is  neutral. 

It  is  then  filtered,  and  chlonde  of  calcium  is  added  to  the  filtered 
liquid;  all  the  tartrate  of  potassium  is  transformed  into  tartrate  of 
calcium  which  precipitates,  and  potassic  chloride  \^hich  remains  in 
solution  : 


(CH'K'C)    +     (Ca"Cl')     = 

=     2(KC1)    +    (C*H-Ca"(y) 

Neutral  tartrate                 Chloride  of 

Chloride  of                     Tartrate  of 

of  potaaslam.                    caklom. 

potaaium.                       calcium. 

The  precipitate  of  tartrate  of  calcium  is  suspended  in  water,  and 
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Bulphnrio  acid  is  added,  when  insoluble  sulphate  of  calcium  and  soluble 
tartaric  acid  are  formed : 

(C*H*Ca"0')    +    (SffO*)     =     (SCaO*)    +    (C*H«0«) 

Gftlde  Uctnte.  Solpbnric  Salpluiteor  Tartaric  add. 

add.  caldom. 

The  liquid  is  filtered,  evaporated,  and  left  to  cool ;   tartaric  acid 
crystallizes  in  large  crystals,  which  are  hemihedral  to  the  right 

Acid  paratartrate  of  potassium  is  found  in  the  cream  of  tartar  of 
Austria,  Hungary,  Saintonge,  etc.  After  extracting  the  acid  from  this 
cream  of  tartar  in  the  manner  just  described,  paratartaric  may  be 
separated  from  tartaric  acid  by  repeated  ciystallizations.  Paratartaric 
acid  crystallizes  in  small  needles,  which  stand  out  white  upon  the  large 
crystals  of  tartaric  acid,  and  may  be  readily  separated  mechanically. 
Paratartaric  acid  may  also  be  obtained  artificially,  by  submitting  tartaric 
ether  or  the  tartrate  of  cinchonine  to  the  action  of  heat :  this  acid  is 
without  action  on  polarized  light ;  its  crystals  and  those  of  its  salts  do 
not  present  hemihedral  facets. 

When  the  double  paratarti*ate  of  sodium  and  ammonium  is  crystallized 
there  is  a  mixture  of  crystals,  some  of  which  are  hemihedral  to  the 
right  and  some  to  the  left.  If  these  crystals  be  separated  mechanically 
and  the  corresponding  acid  be  prepared  from  each,  it  will  be  found  that 
this  acid  is  no  longer  paratartaric,  but  tartaric  acid.  But  the  acid  pre- 
pared  from  those  crystals  which  are  hemihedral  to  the  right  is  ordinary 
tartaric  acid,  while  that  prepared  from  those  hemihedml  to  the  left 
presents,  like  the  salt  whence  it  arises,  hemihedral  facets  turned  to  the 
left,  and  deviates  the  plane  of  polarized  light  to  the  left;  this  is  Isdvo- 
tartaric  or  laBVoracemic'acid. 

As  kdvoracemic  acid  is  not  destroyed  by  fermentation,  while  dextro- 
racemic  acid  is,  this  property  may  be  utilized  in  its  preparation.  If 
paratartaric  acid  be  fermented  and  the  acid  contained  in  the  liquid  be 
extracted  when  the  fermentation  is  terminated,  IsBvoracemio  acid  can 
be  obtained. 

Lasvoracemic  and  dextroracemic  acids  combine,  producing  heat,  and 
forming  paratartaric  acid. 

Paratartaric  acid  therefore  has  a  double  molecule,  and  owes  its  inac- 
tivity to  the  &ct  that  the  dextrogyrate  action  of  one  of  the  groups  it 
contains  is  neutralized  by  the  contrary  action  of  the  other  group. 

Under  the  influence  of  a  temperature  of  170°,  maintained  for  several 
hours,  paratartrate  of  cinchonine  is  modified  and  inactive  tartaric  acid 
may  then  be  extracted  from  it :  this  acid  differs  from  paratartaric  acid 
in  that  its  inactivity  is  absolute,  and  is  not  owing  to  a  compensating 
influence 

An  acid  which  possesses  the  composition  and  most  of  the  properties 
of  paratartaric  acid  has  recently  been  produced  artificially  by  submit- 
ting dibromoHsucoinio  acid  to  the  action  of  moist  oxide  of  silver  : 
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(CTH'Br'O*)     +     (Ag^))     +     (H*0)     =     2(AgBr)     +     (CH'C) 

Dibroroo-Boooinlo  Oxide  of  Water.  Bromide  of  Artificial 

add.  dlWer.  silver.  paratartaric  acid. 

This  acid  differs  from  tme  paratartario  acid  in  that  it  does  not 
possess  the  property  of  dividing  into  two  acids  haying  different  optical 
properties. 

Chemical  Properties  of  Tartaric  Acid. — The  different  modifica- 
tions of  tartaric  acid  should  be  regarded  as  so  many  allotropic  states  of 
one  compound.  In  reality,  the  chemical  properties  of  a  slightly 
elevated  order  are  the  same  for  all  these  bodies. 

Ist.  Tartaric  acid  is  tetratomic.  When  the  basic  tartrate  of  lead 
(PbO,G*HTbO«)  is  dried  at  130°,  a  molecule  of  water  is  eliminated, 
and  a  tartrate  (C*H*Pb*0*)  is  produced,  in  which  four  atoms  of 
hydrogen  are  replaced  by  two  atoms  of  lead ;  this  metal  here  acting 
with  a  value  of  substitution  equal  to  two. 

2nd.  Tartaric  acid  is  bibasio;  therefore,  with  positive  metals,  it 
forms  two  series  of  salts ;  the  first,  acid  or  monometallic  ;  the  others, 
neutral  or  bimetallic.  These  salts  should  be  represented  by  the  for- 
mulas: 

Add  tartrate.  Neutral  tartrate. 

3rd.  When  a  monometallic  tartrate  reacts  on  a  polyatomic  base,  such 

■Qs  >  0*1,  ferric  hydrate   (    h*  i  ^)'  ^^ 

even  on  certain  acids  or  weak  acid  anhydrides,  such  as  boracic  acid 

■rqs  >  C),  or  arsenious  anhydride  (As'O*),  the  second  atom  of  basic 

hydrogen  is  replaced  by  an  oxygenized  group,  and  particular  salts  are 
obtained,  which  are : — 

Tartar  emetic,  or  potassic  tartrate  of  antimony : 

l,H'(SbO)'Kf  ^) 
Soluble  cream  of  tartar,  or  potassic  tartrate  of  boron : 

Arsenious  potassic  tartrate,  or  potassic  tartrate  of  arsenic : 

/     C*BW"1  ^\ 
Ih*(A60)'K;  '^J 

Arsenic  potassic  tartrate : 


/     C*H«0^1  ^■\ 
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Potassio  tartrate  of  bkinuth  : 

/     C^H«0»-)^\ 
VH«(BiO)'K  f  ^J 

Potassic  tartrate  of  uranium : 

l,H'(UO)'Kf  "/ 

Potassio  tartrate  of  chrominm : 

/     (?H»0"M  ^\ 
WCrOyKf  ^) 

Potassic  tartrate  of  iron : 


In  these  different  compounds  tlie  potassium  may  be  replaced  bj 
another  monatomic  metal,  or  even  by  another  biatomic  metal.  But 
in  the  case  of  those  bodies  which  only  contain  a  single  atom  of  potas- 
sium, this  latter  substitution  entails  the  doubling  of  the  molecule. 

The  p)ta88ic  tartrate  of  antimony  (tartar  emetic)  is  obtained  by 
boiling  for  half  an  hour  a  mixture  of  three  parts  of  oxide  of  antimony 
and  four  parts  of  cream  of  tartar  diluted  with  water.  The  boiling 
liquid  is  filtered,  and  the  tartar  emetic  is  deposited  in  crystala  on 
cooling ;  these  crystals  have  the  formula : 


/     C^H'0*«'^[  ^^V     ^     A. 
lHXSbO)'Kf^^      +     -^^• 


When  heated  to  100^,  tartar  emetic  loses  its  water  of  crystallization. 

It  dissolves  in  water  readily.  Ammonia  scarcely  affects  this  solu- 
tion when  it  is  diluted,  but  if  it  be  concentrated  and  hot,  this  reagent 
produces  a  white  flaky  precipitate  of  antimonious  hydrate.  In  such  a 
solution  potash  forms  a  white  precipitate  soluble  in  an  excess  of  the 
reagent,  and  the  mineral  acids,  such  as  nitric,  sulphuric,  or  hydro- 
chloric acid,  give  a  white  precipitate  of  a  sub-salt  of  antimony  : 

Tartar  emetic  Hydrochloric  Chloride  Tartaric  add. 

acid.  of  potasrium. 

-h     (SbO'Cl) 

Oxychloride  of 
anilmony. 

In  solutions  of  tartar  emetic,  tannic  acid  produces  a  white  precipi- 
tate of  taunate  of  antimony.  It  is  the  only  organic  acid  which  possesses 
this  pi^operty. 
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Tartar  emetic  added  to  solutions  of  the  nitrates  of  silver,  calcium, 
barium,  or  strontium,  gives  potassic  nitrate  and  a  double  tartrate  of 
antimony  and  silver  or  calcium,  etc.,  which  is  precipitated. 

Heated  to  200^,  all  these  double  tartrates  lose  water,  which  is  formed 
at  the  expense,  not  of  the  basic  but  of  the  typical  hydrogen  of  the  tar- 
taric acid,  and  of  the  oxygen  of  the  radicle  (SbO)' : 

VH\SbO)'Kf^;     "     Hf^     ■*"     VSb^'Kf^; 

Tartar  emetic.  Water.  Dried  tartar  emetic 

These  dried  potassic  tartrates  are  tetrametallio  tartrates,  in  which 
a  single  atom  of  hydrogen  is  replaced  by  potassium,  and  the  three 
others  by  a  trivalent  element. 

4th.  If  tartaric  acid  be  kept  in  a  state  of  fusion  for  some  time,  it 

loses  half  a  molecule  of  water,  and  ditartaric  acid  (^  TT^f  ^) 

is  produced.  If  the  action  of  heat  be  maintained  still  longer,  the  tar- 
taric acid  loses  a  whole  molecule  of  water,  and  furnishes  anhydrous 
tartaric  acid  (C*H*0*). 

Anhydrous  tartaric  acid  can  exchange  an  atom  of  hydrogen  for  an 
atom  of  metal :  such  compounds  are  obtained  by  adding  a  solution  of 
this  body  to  that  of  the  acetate  of  calcium,  barium,  or  strontium. 

If  it  be  heated  to  150^  with  an  excess  of  massicot,  it  loses  another 
molecule  of  water  and  gives  a  salt  which  results  from  the  substitution 
of  Pb  for  W. 

The  first  tartaric  anhydride  is  therefore  a  biatomic  acid,  which  is 
another  proof  in  favour  of  the  tetratomicity  of  tartaric  acid. 

5th.  When  tartaric  acid  is  strongly  heated,  the  tartaric  group  is 
destroyed,  water  and  carbonic  anhydride  are  disengaged,  and  pyi-uvic 
acid  (CH^O*)  or  pyrotartaric  acid  ^C*H«0*)  is  formed  : 

(C^H^O")       =       (CO*)       +       (H«0)       +       (C»H*0») 

Tartaric  add.  Oarbonfc  Water.  I^yruvic  add. 

anbydride. 

2(C*H«O0       =       3(C0»)       +       2(H'0)       +       (C*H*0*) 

Tartaric  add.  Oarbonic  Water.  Pyrotartaric 

anhydride.  add. 

6th.  As  yet,  only  the  neutral  bialcoholic  and  acid  monoalcoholic 
ethers  have  been  obtained  with  tartaric  acid.  It  is  probable  that 
several  other  kinds  exist. 

7th.  Becently,  two  molecules  of  acetyl  have  been  substituted  for  two 
atoms  of  hydrogen  in  bialcoholic  tartaric  ethers,  by  submitting  these 
ethers  to  the  action  of  the  chloride  of  acetyl,  which  proves  positively 
the  tetratomicity  of  tartaric  acid  : 

|OC»H*\  /  iO(?H*  \ 

c-iro.-  »H  +  .(™S})  -  .(SI)  +   CH^. te^ 

lOH     /  \  |OC»H«0/ 

Dlethylic  tartrate.  Chloride  of  Hydrochloric  I  >iaopto-diethy1{c  tartrate. 

acetyl.  add. 

2  s 
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8 til.  Caloined  with  caustic  potash,  tartaric  acid  splits  up  into  potassio 
oxalate  and  acetate : 

(C*H«O0     =     (C^W)     +     (C*H*0*) 

Tartaric  acM.  OzaUc  acid.  Acetic  add. 

9tli.  When  tartaric  acid  is  acted  on  by  a  mixture  of  monohydrated 
nitric  acid  and  sulphuric  acid,  it  is  tiunsformed  into  a  product  of 
nitrous  substitution,  called  nitrotartaric  acid,  and  which,  when  left  to 
spontaneous  decomposition  at  a  temperature  not  exceeding  30^,  gives  a 
new  acid — tartronic  acid — which  appears  to  be  the  inferior  homologue 
of  malic  acid,  having  for  formula  (G'H^O"). 

An  add  (C*H*0')  which  K^kul6  has  obfained  by  causing  moist 
oxide  of  silver  to  act  on  bibromo-pyrotartaric  acid,  has  not  as  yet  been 
studied. 

Citric  Add  (C*H*0^). — Citric  acid  is  extracted  from  the  juice  of 
the  lemon.  This  juice  is  slightly  fermented  to  separate  any  mucilagi- 
nous matters,  then  it  is  saturated  when  hot,  by  chalk.  It  will  be 
found  advantageous  to  finish  the  saturation  with  quicklime.  A  pre- 
cipitate of  citrate  of  calcium  is  formed,  which  is  washed,  using  warm 
water,  as  this  precipitate  dissolves  in  cold  water.  It  is  then  deoom> 
posed  by  dilute  sulphuric  acid,  the  sulphate  of  calcium  produced  iH 
separated  by  filtration,  and  the  citric  acid  is  crystallized.  Up  to  the 
present  time  citric  acid  has  not  been  obtained  synthetically. 

Proper riEs. — 1st.  Citric  acid  crystallizes  in  rhombic  prisms  termi- 
nated by  four  trapezoidal  faces.  It  is  colouiless,  inodorous,  and  has  a 
very  acid  taste.  It  dissolves  in  three-fourths  of  its  weight  of  cold 
water,  and  half  its  weight  of  boiling  water.  Alcohol  also  dissolves  it ; 
its  crystals  contain  a  molecule  of  water  of  crystallization,  which  they 
lose  at  100°. 

2nd.  Citric  acid  precipitates  baiyta,  but  not  lime ;  but  the  solution 
of  citrate  of  calcium  deposits  the  greater  part  of  this  salt  on  boiling. 

3rd.  Citric  acid  is  tetratomic.    On  desiccating  the  basic  citrate  of 

(^C*H^O*"Y)       Cu'M  \ 

II*Cu'  I  ^'    H*  I  ^'     "^     *^'  /'  ^^  ^^*  ^OBes  two  molecules 

of  water  besides  its  water  of  crystallization,  and  there  is  formed  two 

molecules  of  citrate  (^         J^A  M,  in  which  Cu"  takes  the  place 

ofH*. 

4th.  Citric  acid  is  tribasic ;  with  alkaline  metals  it  can  give  thi^e 

series  of  salts :  the  first  neutral  and  trimetallic  *(   tjm«[o* )t  the 

HM'^Hi^)'  ^^^  ^^  ^^  mono- 

metallic  and  biacid  (h  Ji'ji*!^/     Three  series  of  citric  ethers  are 

known  which  correspond  to  these  three  series  of  salts. 

6th.  There  also  exist  citric  ethers  in  which  IP  being  replaced  by 
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radicles  of  alcohol,  a  fourth  atom  of  hydrogen  is  replaced  by  acetyl. 
These  ethers,  obtained  like  the  analogous  tartaric  ethers,  demonstrate 
that  citric  acid  is  tetratomic. 

6th.  Citric  acid,  submitted  to  the  action  of  heat,  first  loses  H^3,  and 
gives  aconitic  acid : 

Citric  acid.  Water.  Aconitic  acid. 

This  latter  body  cannot  be  considered  as  a  citric  anhydride  ;  such 
an  anhydride  would  be  biatomic,  while  aconitic  acid  has  a  basicity 
equal  to  three.  It  must  therefore  be  admitted  that  the  water  elimi- 
nated is  formed  half  at  the  expense  of  the  radicle,  and  half  at  that  of 
the  typical  hydrogen. 

7th.  When  the  action  of  heat  on  aconitic  acid  is  continued, 
carbonic  anhydride  is  disengaged,  and  a  new  acid — itaconic  acid — ^is 
produced : 

f ^>')  =  (CO  +  r^sr'fo.) 

Aconitic  acid.  Carlx>nic  Itaconic  acid. 

anhydride. 

When  still  greater  heat  is  applied,  the  itaconic  acid  loses  water  and 
gives  anhydrous  pyrocitric  acid  (C"H*0*).  When  this  is  dissolved  in 
water  it  regains  the  molecule  of  water  it  had  lost;  but  instead  of 
returning  to  the  state  of  itaconic  acid,  it  gives  an  isomer  of  this  body — 
citraconic  acid. 

Finally,  under  the  influence  of  hydriodic  or  nitric  acid,  citraconic 
acid  is  transformed  into  a  third  isomer,  mesaconio  acid.  We  have 
spoken  elsewhere  of  itaconic,  mesaconio,  and  citraconic  acids  (see  Non- 
Saturated  Biatomic  and  Bibasic  Acids). 

7th.  Melted  with  hydrate  of  potassium,  citric  acid  is  transformed 
into  oxalate  and  acetate : 

(CmK)')    +    (H>0)     =     (C«H»0*)     +     2(Cm*0') 

atricacfcl.  Water.  Oxalic  acid.  Acetic  add. 


PENTATOMIC  ACIDS. 

None  are  as  j'et  known. 

In  the  first  edition  it  was  said  that  citric  acid,  although  classed 
among  tetratomic  acids,  might  nevertheless  possibly  be  pentatomic. 
This  possibility  can  no  longer  be  admitted,  as  M.  Wislicenus  has  in  this 
acid  replaced  3H  by  ethyl,  and  IH  by  acetyl,  but  has  not  been  able  to 
substitute  acetyl  for  a  fifth  atom  of  H. 
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HEXATOMIC  ACIDS. 
One    hezatomio    and    monobasic  acid  is  known  —  mannitic   acid 
(C*H"0^  s  (         H'l^)*  ^^^  ^^^  hexatomic  and  bibasio  isomeric 

TTcVO^l  Man- 
nitic acid  has  been  obtained  by  Gomp-B^sanez,  by  oxidizing  mannite 
by  means  of  platinum  black. 

Saccharic  acid  is  obtained  by  oxidizing  mannite,  cane-sugar,  glu- 
cose, etc.,  by  nitric  acid.  Mucic  acid  is  prepared  by  oxidizing 
lactose,  galactose,  dulcite,  and  the  gums  in  the  same  manner. 

The  hexatomic  nature  of  saccharic  acid  cannot  be  doubted,  as  a 
saocharate  of  lead  has  been  obtained  in  which  H'  is  replaced  by  Pb*. 

AMIDSa 

Amides  are  to  acids  what  compound  ammonias  are  to  alcohols ;  they 
are  bodies  which  result  from  the  replacement  of  the  hydrogen  of 
ammonia  by  an  acid  radicle.  In  studying  amides  we  will  follow  the 
same  method  as  we  employed  in  the  study  of  compound  ammonias,  and 
consider  successively  the  amides  which  correspond  to  mono,  hi,  tri, 
etc.,  atomic  acids. 

AMIDES  DERIVED  FEOM  MONATOMIC  ACIDS. 

Monatomic  acids  may  be  regarded  as  containing  the  residue  OH 
united  to  a  monatomic  radicle.  They  can  only  therefore  lose  the 
group  OH  once,  and  consequently  can  only  give  rise  to  a  single  residue, 
which  is  always  monatomic. 

Monatomic  acid  radicles  may  be  substituted  for  one,  two,  or  three 
atoms  of  the  hydrogen  of  ammonia,  and  thus  produce 

R]  E]  R] 

primary  H>N,  secondary  R  >N,  and  tertiary  R>N 
HJ  HJ  KJ 

amides. 

Compounds  belonging  to  the  ammonium  type,  and  containing  four  acid 
radicles,  are  never  obtained :  there  are  no  amides  corresponding  to  the 
quaternary  ammonias. 

Pekparation  of  Primart  Amides. — These  bodies  may  be  obtained  by 
four  different  processes. 

Ist.  By  heating  an  ammoniaoal  salt;  a  molecule  of  water  is  set 
free  and  an  amide  remains.  The  ammonium  loses  H*,  which  unite 
with  the  typical  oxygen  of  the  salt  to  form  water,  and  there  remains 
therefore  the  group  NH";  that  is  to  say  ammonia  less   an  atom  of 
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hydrogen,  and  a  monatomic  radicle,  wbioh  takes  the  place  of  this 
hydrogen : 

AoeUieofaiiUDonitim.  Water.  Aoetamide. 

2nd.  When  a  componnd  ether  is  treated  with  ammonia,  an  amide 
and  alcohol  are  produced.  This  reaction  is  more  or  less  easy ;  some- 
times it  requires  the  assistance  of  heat,  and  sometimes  it  takes  place 
at  the  ordinary  temperature : 

(^•g.}  o)  ^  («} «)   '    (T}o)  +  ('^|k) 

Benzoate  of  ethyl  Ammonia.  AloohoL  Benaunlde. 

3rd.  Ammoniacal  gas  is  made  to  act  on  an  acid  chloride ;  chloride  of 
ammonium  and  an  amide  are  produced : 

Chloride  of  Aqunonia.  Chloride  of  Botyramide. 

batyryL  ammonium. 

4th.  An  acid  anhydride  is  submitted  to  the  action  of  ammonia ;  an 
amide  and  an  ammoniacal  salt  are  formed : 

(?iS}0)    +     ^(h|n)     -     C1S.)0)    +    flJN) 

Valeric  anhydride.  Ammonia.  Valerate  of  Valeramide. 

ammonium. 

In  these  different  reactions,  when  ethylated,  methylated,  phenylated, 
etc*  ammonias  are  substituted  for  ordinary  ammonia,  amides  are 
obtained  in  which  one  or  both  the  remaining  atoms  of  hydrogen  are 
also  replaced  by  alcohol  radicles. 

Thus  on  heating  ben2soate  of  aniline^  phenyl-benzamide  or  benzani- 
lide  is  obtained : 


(g'S?.H.)h) '  (5}o)  ^  C^'}") 


BenrxMte  of  aniline.  Water.  Fhenyl-bensamfcle 

or  benianilide. 

Prkparation  of  Scoondaby  and  Tertiary  Amides.  —  Secondary 
amides  are  obtained : — 1st,  by  causing  acid  chlorides  to  react  with  the 
primary  amides : 


630  PBINCIPLES  OP  CHEMI8TBY. 

Aoeumlde.  Chloride  of  DiaoeUmlde.  Hjdrochlorlo 

AOetyL  add. 

2nd.  By  the  action  of  hydrochloric  acid  on  the  primary  amides  at  a 
high  temperature : 

/(TWO)   \        „,  icm*o\   \ 

AoeUmlde.  Hydrochloric  Cbiorfde  of  DfaoetamMe. 

acid.  ammoDiian. 

(^erhardt  has  obtained  tertiary  amides,  by  treating  the  salts  of 
secondary  amides  with  acid  chlorides : 

/CH*SO".Q,,     . 


Nitride  of  silver,  bcnxoyl,  and  Chloride  of  Oilorlde 

■ttlphophenyl.  aoeiyL  or  aflver. 

,  ,rTio)'i 

+  .  I  CTH'O  f  ^ 

C«H'0| 

Nitride  of  acetyl,  benEoyU  and 
Bulphophenyl. 

Propertibs. — The  properties  of  the  primary  and  secondary  monu- 
mides  only  are  well  known. 

Properties  of  Primary  Monamides. — 1st.  When  heated  with  water  in 
a  hermetically-sealed  tube,  at  a  temperature  of  about  200°,  these 
amides  absorb  a  molecule  of  water,  and  are  transformed  into  the  am* 
moniacal  salt  of  the  acid  the  radicle  of  which  they  contain  : 

Acetamidc  Water.  Acetate  of 

ammonimn. 

The  same  reaction  takes  plaoe  when  amides  are  heated  with  hydrat- 
ing  agents,  such  as  alkaline  bases  or  dilute  mineral  acids.  Only  in 
this  case,  instead  of  ammonium,  there  are  obtained  the  products  of  its 
decomposition  by  the  reagents  employed.  Thus,  if  acetamide  be 
heated  with  sulphuric  acid,  ammonic  sulphate  and  acetic  acid  are  pro- 
duced ;  if  the  same  body  be  treated  with  potash,  acetate  of  potassium 
and  ammonia  are  formed  : 
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AceUunidc.  Water.  Snlphiiric  ackl. 


+  <"^}o) 


Acetic  add. 


Acetamkle.  Potaah.  Acetate  of  potaaalum.  Ammonia. 

2nd.  Submitted  to  the  action  of  acid  chlorides,  the  amides  lose 
hydrochloric  acid  and  give  rise  to  secondary  amides ;  acted  upon  by 
hydriodic  ethers,  they  produce  hydriodio  acid  and  a  mixed  ammonia 
containing  both  an  acid  and  an  alcohol  radicle. 

drd.  Treated  with  pentachloride  of  phosphorus,  they  give  a  chloride, 
which  may  be  considered  as  the  hydrochlorate  of  the  nitryle  corre- 
sponding to  the  amide  employed ;  oxychloride  of  phosphorus  and 
hydrochloric  acid  are  formed  at  the  same  time : 

(C^H*0 1     \ 
H  InJ  +  (PCP)  =  (PCl'O)  +  ci)  +  (O^'^'N-HCl) 

Benzamlde.  Pentachloride        Oxychloride      Hydrochloric         Hydrochlorate  of 

of  phosphoras.    ofphospboraa.  acid.  beoioDitryle. 

4th.  Nitrous  acid  transforms  the  primary  amides  into  nitrogen, 
water,  and  the  acid  of  the  radicle  contained  in  the  amide  : 

»)+fgfo)-si+rs}o)+(i}o) 

Nitrous  acid.         Nitrogen.  Bcnsokacid.  Water. 

5th.  When  strongly  heated  with  dehydrating  bodies,  such  as  phos- 
phoric anhydride,  these  amides  lose  a  moleciile  of  waier  and  give  new 
compounds,  which  are  called  nitryles : 

Valeramide.  Water.  Valero-oltiyle. 

When  these  nitryles  are  submitted  to  the  influence  of  hydrating 
agents,  they  absorb  two  molecules  of  water,  and  give  the  same  ammo- 
niacal  salt  as  would  be  furnished  by  their  original  amide  if  it  were 
hydrated.  If  the  hydrating  agents  employed  be  bases  or  acids,  instead 
of  an  ammoniacal  salt,  products  of  its  decomposition  are  obtained : 
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(o^,  +  (g}o)  +  (i}o).(o^)o)  +  (l|«] 

ValeroQltryle.  Potash.  Water.  Fbtaaslc  yakraie.  Ammonia. 

Snbmitted  to  the  inflaence  of  nascent  hydrogen,  each  nitryle  absorbs 
H^  and  is  transformed  into  the  primary  compoand  ammonia  of  the 
alcohol  corresponding  to  the  acid  whence  it  is  derived : 

(C-H-N)   4-     2(«})     =     i^Y) 

Acetonltryle.  Hydrogen.  EthyUmlne. 

The  nitryle  derived  from  a  given  acid  has  the  same  composition  as 
the  hydrocyanic  ether  of  the  lower  series.   Thus  aceto-nitryle  (C^H'N) 

has  the  same  composition  as  the  cyanide  of  methyl  [  ^^  >  V     Are  these 

bodies  identical  ?  They  were  long  believed  to  be,  and  really  are  so  in 
the  series  of  fatty  SLcids,  but  it  is  doubtful  whether  they  are  in  the 
aromatic  series.  It  is  probable  that,  by  hydration,  the  nitryles  would 
reproduce  the  same  acids  as  were  used  to  prepare  them.  Thus  Can- 
nizzaro  has  shown  that  the  hydrocyanic  ethers  of  this  series,  acted  on 
by  alkalies,  give,  not  the  acid  homologous  with  that  which  corresponds 
to  the  alcohol  whence  they  are  derived,  but  an  isomer  of  this  acid. 
There  is  therefore  reason  to  think  that  the  isomerisni  observed  between 
the  acids  continues,  and  that  in  the  aromatic  series  the  nitryles  are 
not  identical  with  the  hydrocyanic  ethers,  unless  the  nitrj'les  derived 
from  benzoic  acid  and  its  homologues  be  the  hydrocyanic  ethers  of  the 
phenols  (see  Phenols),  while  the  nitryles  of  isomers  of  the  homologues 
of  benzoic  acid  would  be  the  hydrocyanic  ethers  of  the  true  aromatic 
alcohols  (as  is  very  probable). 

The  nitryles  combine  directly  with  hydrochloric,  hydrobromic,  and 
hydriodic  acids,  as  is  shown  by  Gauthier's  experiments.  The  most 
important  reactions  of  the  nitryles  would  lead  us  to  regard  these 
bodies  as  tertiary  monamines,  in  which  a  tiiatomic  radicle  would  be 
substituted  for  H".  Thus  acetonitryle  would  be  CH""'!^.  This  hypo- 
thesis accounts  for  the  formation  of  nitryles  by  means  of  ammoniacal 
salts,  for  the  action  of  hydrating  agents  upon  them,  for  the  basic 
characters  which  they  manifest,  and  for  the  manner  in  which  they  act 
in  presence  of  nascent  hydrogen. 

^Vhen  2(HK))  is  taken  away  from  an  ammoniacal  salt,  the  H^  is 
taken  from  the  ammonium,  and  the  0*  from  the  halogen  residue  of  the 
acid.  These  latter  consist  of  an  atom  of  typical  oxygen  which  was 
attached  to  carbon  by  a  single  atomicity,  and  of  an  atom  of  oxygen 
joined  to  the  carbon  by  both  its  atomicities  ;  the  halogen  residue,  thus 
deprived  of  its  two  O  from  being  monatomic,  becomes  triatomic — 
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GOO  C 

Ci     i     i^JJQIIDri — n  o  1  (I     I  -  l"x)  ■     .     . 

(D  c  ■     ■     ■     n  .        —     ^  ^      =       ®   (D  ®  ci     i     i     i^ 

c  ^'         ^-g^       c 

Ox-«tyl  (C*HW)-  Oxygen.  Vinyl  (C^H»'"). 

and  saturates  the  Ditrogen  which  remains  from  the  ammonium : 

Amnionic  acetate.  Water.  Acetonitryle. 

The  action  of  hydrating  agents  can  be  explained  equally  well,  as  it 
is  merely  the  reverse  of  the  preceding.  So  also  the  transformation  of 
the  nitryles  into  primary  monamines.  The  fixation  of  IP  on  a  tri- 
atomic  radicle  renders  this  latter  monatomic,  which  obliges  the 
nitrogen  again  to  absorb  H*  to  be  saturated : 

(C«H»"'N)     +     2fH*)     =     j  ^P) 

Aoetonitryle.  Hydrogen.  Etbylamine. 

Lastly,  if  nitryles  be  regarded  as  compound  ammonias,  their  combi- 
nation with  hydracids  follows  as  a  matter  of  course. 

Properties  of  Secondary  Amides.  —  1st  These  readily  dissolve  in 
ammonia ;  they  are  acid,  and  can  exchange  their  last  atoms  of  hydrogen 
for  metals.  The  metallic  salts  thus  formed  dissolve  in  ammonia, 
producing  compounds  which  were  regarded  by  Gerhardt  as  derived 
from  two  molecules  of  ammonia,  but  which,  as  they  do  not  contain 
monatomic  radicles,  ought  rather  to  be  considered  as  derived  from  a 
single  molecule  of  ammonia,  in  which  H  would  be  replaced  by  (NH^). 
According  to  this  hypothesis,  the  two  molecules  would  be  united  by 
the  nitrogen  acting  in  one  of  them  as  pentatomic  : 

Agl     /  \         (NH»Ag)'| 

Nitride  of  snlpbophenyl.  Ammonia.  Nitride  of  milpbophenyl, 

bensoyl,  and  gUver.  benioyi,  and  argentoHunmoninm. 

2nd.  According  to  Gerhardt,  perchloride  of  phosphorus  acts  on 
secondary  amides  in  the  same  way  as  on  primaiy  amidea  But  the 
product,  instead  of  representing  the  combination  of  a  nitryle  with 
hydrochloric  acid,  represents  its  combination  with  a  chloride  of  the 
acid  radicle : 

//CH'SO")  qYi     \ 

1^  Vh»0  H     +    (!"«•)     =     (PCIK))    +    (g}) 

Solpbophenylamlde.  Perchloride  Oxychlorida  Hydrrjcbloric 

of  pboepfaonu.  of  phosphonu.  add. 

+     (CH*"'^ .  C«H*SO .  H0,C1) 

Chloride  of  suIphopbenyl'benzamidyL 
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This  chloride  is  decomposed  by  heat  into  an  acid  chloride  and  a 
nitrjle. 


AMIDES  OF  BIATOMIC  ACIDS. 

The  amides  of  monobasic  and  those  of  bibasic  biatomic  acids  most 
be  mentioned  separately. 


AMIDSS  OF  MONOBABIO  BIATOmC  AGIBa 

These  acids  may  give  rise  to  three  classes  of  amides  : 

1st.  They  may  give  primary,  secondary,  and  tertiary  diamides,  hj 
the  substitution  of  their  radicle  for  one,  two,  or  three  atoms  of  H  in  a 
double  molecule  of  ammonia ; 

2nd.  On  losing  OH  they  leave  a  monatomic  residue,  which  may  be 
substituted  for  one,  two,  or  three  atoms  of  H  in  the  simple  type  (NH'), 
and  give  primary,  secondary,  or  tertiary  monamides.  Moreover,  these 
acids  contain  an  atom  of  acid  hydrogen  and  an  atom  of  alcoholic 
hydrogen,  and  according  as  it  is  the  one  or  the  other  of  these  atoms 
of  hydrogen  which  is  eliminated  in  the  group  OH,  the  residue  is 
neutral  or  acid ;  the  result  is  that  the  amides  containing  this  residue 
would  themselves  be  sometimes  neutral,  sometimes  acid.  It  can  there- 
fore be  established  that  three  classes  of  amides  correspond  to  the  acids 
of  this  group : 

Ist.  Primary,  secondary,  and  tertiary  diamides; 

2nd.  Primary,  secondary,  and  tertiary  acid  monamides ; 

3rd.  Primary,  secondary,  and  tertiary  neutral  monamides,  isomeric 
with  the  preceding. 

The  typical  hydrogeo  of  acid  amides  may  be  replaced  by  radicles  of 
alcohols.  When  the  ethers  of  this  nature  contain  the  radicle  ethyl, 
they  are  called  amethanes. 

The  diamides  of  these  acids  are  not  yet  known  ;  nor  have  the 
secondary  and  tertiary  neutral  monamides  as  yet  been  prepared.  Only 
primary,  secondar3%  and  tertiary  acid  amides,  primary  neutral  amides, 
and  the  ethers  of  acid  amides  are  known. 

Primary  Acid  Monamides. — ^Preparation. — First  Process. — These 
amides  are  obtained  by  submitting  the  monobrominated  or  mono- 
chlorinated  derivatives  of  monatomic  acids  of  the  same  series  to  the 
action  of  ammonia.  Thus  acid  glycolamide  is  obtained  by  means  of 
chloracetic  acid  and  ammonia,  and  acid  oxybutyramido  by  means  of 
ammonia  and  bromo-biityric  acid : 

Chloracetic  acid.  Ammonin.  Amnionic 

dilorido. 
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Second  Process, — ^These  amides  may  also  be  prepared  by  oombining 
the  aldehjds  with  ammonia,  mixing  the  products  thus  obtained  with 
hydrocyanic  acid,  and  submitting  the  mixture  to  the  action  of  hydro- 
chloric acid.  This  process  is  only  applicable  in  the  series  of  fatty 
acids,  the  only  one  in  which  the  aldehyds  can  combine  directly  with 
ammonia.  There  is  obtained  in  these  reactions  the  amide  of  an  acid 
which  belongs  to  the  series  higher  by  a  term  than  that  the  aldehj'd  of 
which  has  been  taken.  Thus,  with  ordinary  aldehyd  (C^H^O),  which 
belongs  to  the  series  of  which  the  fundamental  hydrocarbide  is  the 
hydride  of  ethyl  (C'H^),  acid  lactamide  is  formed.  This  belongs  to  the 
series,  the  fundamental  hydrocarbide  of  which  is  the  hydride  of  propyl 
(C*H*),  the  superior  homologue  of  the  hydride  of  ethyl : 

(0^*0)     +     (CNH)     +     (IPO)     =     (C'H^^O*) 

Aoetio  aldebytL  Hyditx^aiiic  Water.  Add  lactamide. 

aci<L 

tHiird  Process. — ^In  the  aromatic  series,  these  bodies^  may  also  be 
prepared  by  reducing  mononitrated  monatomic  acids  by  hydrosulphuric 
acid.  These  acids  result  from  the  action  of  fuming  nitric  acid  on  the 
monatomic  acids  themselves : 

f™}0)    +    (NHO')     =     (C'HtNO')Oj  oj    ^    ^H|  ^^ 

BeoMrfc  add. '  Nitric  add.  Nitrobenxoic  add.  Water. 

Kitrobenzo'.c  add.  Snlpboretted  Sulphur. 

bydrogea. 


+     4 


Water.  Acid  oxybenzamlde. 


Fourth  Process, — Acid  glycolamide  is  produced  in  the  hydration  of 
certain  bodies  which  exist  ready  formed  in  animal  secretions.  These 
bodies  are  mixed  amides,  which  contain,  besides  the  radicle  (CHK)*), 
the  radicle  of  another  acid.  Hydrating  agents  divide  them  into  this 
acid  and  acid  glycolamide  : 


C«H*0" 
H 
(7H*0 
H 

Hippoxic  add.  Water. 


+ 


(I}°)  - 


+  r;g(o) 

Benzoic  acid. 

Propertii£8. — Ist.   These  monamides  may  act  like  acids    or  like 
ammonia.     If  they  are  made  .to  act  on  bases,  they  exchange  H  for  a 
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metal  and  give  well-defined  salts;  if  they  are  made  to  act  on  an  acid, 
they  combine  with  it  directly,  like  ammonia,  and  also  produce  well- 
defined  salts,  capable  of  forming  a  great  number  of  double  salts  with 
metallic  salts : 

Add  gl jooUmida  PoUtb.  GlyoolAmldafte  of  Wtfcer. 

(glycoool).  potaiwtnm. 

((?n*NO«)      +       (HCl)       =       (C«H»N0',HC1) 

OI70000L  Hjdrochlorio  HydrDdilorate  of 

add.  gljcoocd. 

2nd.  The  argentic  salts  of  these  amides,  acted  on  by  the  chloride  of 
an  acid  radicle,  furnish  chloride  of  silver,  and  a  secondary  amide 
resulting  from  the  substitution  of  the  acid  radicle  for  a  second  atom  of 
hydrogen : 

f/(?H'0")Q\j     \  //CH»0"loY|    I 

h|    /  \  h| 

GlyoolamkUie  of  stiver.  Chloride  of  Chloride  Hipporicadd. 

beoiojL  ofillver. 

All  the  animal  compounds  which  give  glyooool  when  hydrated, 
have  a  constitution  analogous  to  that  of  hippuric  acid. 

3rd.  Alkalies  never  transform  the  amides  of  this  class  into  alkaline 
salts  of  their  corresponding  acid  and  anunonia.  Such  a  reaction  would 
produce  a  bimetallic  salt,  as  the  following  equation  indicates — 

GI70000L  PotMh.  DipotMdc  gljrcoUte.  Water.  AmmoiiiA. 

which  is  impossible,  as  the  acids  whence  these  amides  are  derived  are 
only  monobasic. 

4th.  Submitted  to  the  action  of  nitrous  acid,  these  amides  disengage 
nitrogen,  water  is  liberated,  and  the  acid  to  whioh  the  amide  corre- 
sponds is  also  set  free : 

GlyooooL  Nitnms  add.  GlyooUc  add. 


+ 


Water.  Nitrogen. 


5th.  The  action  of  dehydrating  agents  has  not  been  examined,  bnt 
from  analogy  it  may  be  supposed  that  these  bodies  are  capable  of 
losing  a  molecule  of  water  and  of  being  transformed  into  monainides, 
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in  which  H*  would  be  replaced  by  a  biatomic  acid  radicle.  In  fact, 
8ueh  bodies  do  exist  in  other  series,  and  are  called  imides. 

Secondary  and  Tertiary  Add  Monamides.  —  These  bodies  have 
been  little  studied ;  we  only  know,  from  the  researches  of  M.  Heintz, 
that  they  are  produced  at  the  same  time  as  primary  monamides  when 
these  are  prepared  by  the  first  process  described.  These  amides  natu- 
rally contain  a  number  of  atoms  of  basic  hydrogen  equal  to  the  number 
of  atoms  of  the  residue  introduced  into  the  molecule;  secondary 
amides  are  therefore  bibasic,  and  tertiary  amides  tribasic. 

The  mode  of  formation  of  these  compounds  is  explained  by  the 
following  equations : 


2((mH:iO0  +  8(Nff)  =   2(NH*C1)  + 


ChJonoetio  add. 


AxdhiodU. 


Chlorids  of 


n 


C*ffO" 

'(?HK)"i  Q^i'  )-  n1 

Dlglyoolamidic  add. 


3(C*H«aO")  +  4(NH»)   =  3(NffCl)  + 


Chloraoetto  add. 


Ammonia. 


Chloride  of 
ammoniDm. 


-i/  •* 


Triglyoolamklic  acid. 


Nomenclature  and  Enumeration  of  the  Compounds  known  in  this 
Group. — ^Until  recently,  no  regular  nomenclature  has  been  attempted 
for  these  bodies ;  their  names  wore  formed  by  merely  adding  the  ter- 
mination amie  to  the  names  of  the  monatomic  acids  of  the  same  series. 
It  is  upon  this  principle  that  glycocol  (C*H"NO")  has  been  called 
acetamic  acid ;  that  the  analogous  compound  of  the  benzoic  series  is 
called  benzamic  acid,  etc. 

It  is  eyident  that  this  nomenclature  must  be  relinquished,  for  it 
connects  these  compounds  with  monatomic  acids,  while  they  are  really 
biatomic.  Recently,  M.  Heintz  has  proposed  to  name  these  bodies  by 
adding  the  termination  amidie  to  the  name  of  the  biatomic  acid  the 
elements  of  which  they  contain.  On  placing  the  sylables  mono,  di,  or 
<n,  before  this  name,  we  indicate  whether  the  amide  is  of  the  first, 
second,  or  third  degree ;  the  prefix  mono  may  be  suppressed.  Accord- 
ing to  this  system,  the  three  amides  derived  from  glycolio  acid  are 
called :  glycol  amidie,  diglycol  amidie,  and  triglycolamidic  acid ;  the 
acid  amide  derived  from  lactic  acid  is  lactamidic  acid,  etc.  We  shall 
adopt  this  nomenclature. 

The  bodies  actually  known  in  this  group  are  the  following : 
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Iflt  In  the  Beries  of  the  acids  C*H**0* : 

r(?H«0" 
Glycolamidic  aoid  .     •     I  L 


Diglyoolamidio  acid 


Triglycolamidio  acid    • 


Laotamidio  aoid 


Oxybutyramidio  acid  • 


Ozyoaproamidic  acid    . 


^% 


H 


r<?H?0")  r, 
H+f" 

C*H«0")  rt' 
H+f  " 


L       H^i     J     N 


H 
H 


OzyytJeramidio  aoid    .     I  _ 


H+ 


)°J'U 


H 
H 


H+ 


1°IIk 


H 
H 


Stnoktms. 

Gltcocdl,  Sugar 

OF  Gelatine, 

AcCTAXio  Acin. 


Alanine. 


Amido-yalkbio 
Acid. 


Leucine. 


2nd.  In  the  series  of  the  acids  OH**"*0* : 


Oxybenzamidic  acid     . 


cna[*0" 

H+ 


1°J 


H 
H 


N 


Benzamic  Aon), 
Ajiido-benzoig  Aca>, 


Oxytoluamidic  acid      .     I  ~ 


H+ 


f°Jl« 


TOLUAMIC  AaD, 

AMnx)-TOLuio  Acm. 
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Oxycnminamidio  acid 


H+ 


j     J  I  ^\     CuMiNAMic  Acid, 
Amido-cuminic  Acid. 


H 
H 


Ozyanisamidic  acid    . 


H+yo* 


Anisamic  Acid. 


Glyoolamidic  acid  has  been  called  sugar  of  gelatine  because  it  has 
a  sweet  taste,  and  is  produced  when  gelatine  is  submitted  to  the  action 
of  the  alkalies  or  of  sulphuric  acid. 

Leucine  is  found  in  the  animal  economy,  and  especially  in  the 
pancreas. 

19'eutral  Monamides. — These  are  very  little  known,  lactamide  alono 
having  been  at  all  studied.  It  is  obtained  by  the  action  of  lactic  anhy- 
dride on  ammonia : 


(C'H*0"0)    +     (NH») 


Lactic  anhydride. 


AmmonU. 


When  lactic  amide  reacts  with  the  caustic  alkalies,  they  form  alka- 
line lactate  and  ammonia : 

(CTTNO')    +    (KHO)     =     ((?H*KO»)    +    (NH?) 


Neatral  lactamide. 


Potash. 


Potaaalc  lactate. 


AmmoDla. 


Nitrous  acid  transforms  it  into  lactic  acid,  nitrogen,  and  water : 
(C'H^^O*)     +    (NHO*)     =     (IPO)     +    N»    +    ((?H*0») 

Lactamide.  Nitrons  acKL  Water.  Nitrogen.  Lactic  add. 

It  is  not  known  how  dehydrating  agents  would  act  on  lactamide ; 
probably  it  would  lose  (HK)),  and  produce  a  neutral  amide,  according 
to  the  equation : 


Lactamide. 


Water. 


Ijtctimide? 


Ethers  of  Add  Amides. — These  ethers  may  be  obtained : 
Ist.  By  treating   diethylic    ethers  of   non-amidated  acids  by  an 
alcoholic  solution  of  ammonia : 
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DIethjUc  Uctete.  AmmoniA.  Aloobol.  LactimethaDc. 

2nd.  By  submitting  the  anliydrides  of  non-amidated  acids  to  the 
action  of  a  primary  monamine : 

LacUc  anhydride.  Ethytamine.  I^ctethylamlde. 

8rd.  By  causing  a  primary  monamine  to  act  on  a  monochlorinated 
or  monobrominated  monatomic  acid  : 

Chlorac  tic  acid.  MetbyUmlno.  Methjl-glyoolamtde, 


+ 


(T}k,hc,) 

Hjdrocblorate  of 
metiiylamlne. 


Properties. — In  the  same  series,  the  compounds  obtained  by  these 
different  processes  have  the  same  empirical  formulae,  but  they  are  not 
identical.  At  least  it  is  certain  that  there  is  a  difference  between  the 
products  prepared  by  the  first  process  and  those  prepared  by  the 
second. 

While  the  lactamethane  resulting  from  the  action  of  ammonia  on 
dialcoholic  ethers  is  decomposed,  under  the  influence  of  alkalies,  into 
ethyl-lactate  and  ammonia,  that  obtained  by  the  reaction  of  ethyl- 
amine  with  lactic  anhydride  is  decomposed  under  the  same  conditions 
into  ethylamine  and  lactate.  This  isomerism  may  be  expressed  in 
rational  formulsd  by  supposing  that,  in  lactamethane,  the  ethyl  is  sub- 
stituted for  the  typical  hydrogen  of  the  residue  of  lactic  acid,  while  in 
lactethylamide  this  same  ethyl  is  directly  substituted  for  the  hydrogen 
of  the  ammonia.  The  preceding  reactions  may  then  be  easily  ex- 
plained, as  is  shown  by  the  following  equations : 

r-f°J].)  +  (S}o)  =  f?S:|o.).(|}K) 

I^JKiUunetluui?.  Potash.  PoUssIc  ethyl-lactate.  Ammonia. 
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+ 


(^h|o)  =  ri» 


Potash.  Potaasic  locUtc. 


+ 


Etbjlamine. 


There  is  reason  to  suppose  that  the  body  obtained  by  the  third 
process  is  identical  with  that  obtained  by  the  second ;  but  this  is  not 
quite  cei*tain,  as  these  methods  have  never  both  been  applied  in 
the  same  series.  However,  methyl-glycol-amide,  when  heated  with 
an  alkali,  disengages  methylamine,  as  lactethylamide  disengages  ethyl- 
amine.  This  analogy  in  their  reaction  tends  to  prove  the  identity  of 
the  prodncta  prepared  by  the  two  methods. 

Methyl-glyool-amide  is  isomeric  with  lactamide.  Before  its  nature 
was  known,  its  formation  by  the  division  of  creatine  had  been  ob- 
served, and  it  was  called  saroosine : 

(C*H»N»0«)     +     (H«0)     =     (CH*1TO)     +    (CHraO*) 

Creatine.  Water.  Urea.  Sarcoslne. 


AMIDES  OF  BIATOmC  AND  BIBABIC  ACIDS. 

The  biatomic  radicle  of  these  acids  may  be  substituted  for  two,  four, 
or  six  atoms  of  hydrogen  in  the  type  of  two  atoms  of  ammonia  con- 
densed. It  may  also  be  substituted  for  H'  in  the  simple  ammonia 
type;  thence  arise  primary,  secondary,  and  tertiary  diamides,  and 
monamides  containing  a  biatomic  radicle :  these  latter  are  called 
imides.  In  the  second  place,  a  biatomic  and  bibasic  acid  may,  on 
losing  OH,  give  rise  to  a  monatomic  residue,  which,  when  substituted 
for  H,  IP,  or  H'in  a  simple  ammonia,  would  give  a  primary,  secondary, 
or  tertiary  monamide. 

Monamides. — In  the  bibasic  acids  the  two  atoms  of  typical  hydrogen 
are  both  strongly  basic.  Whichever  may  be  the  atom  eliminated  in 
the  group  OH,  Uiat  which  remains  always  possesses  basic  properties. 
Consequently  the  monatomic  residue  is  always  the  same,  and  its 
substitution  for  the  hydrogen  of  ammonia  can  only  give  rise  to  a 
single  series  of  amides  instead  of  producing  two  seiies  of  isomeric 
amides,  as  we  have  seen  is  the  case  with  biatomic  monobasic  acids. 

Only  the  piimary  amides  of  this  order  are  known. 

rREPARATJON. — Firgt  Proc€S8, — These  amides  are  obtained  by  care- 
fully distilling  an  acid  ammoniacal  salt : 

2t 
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/c»o"')   \  i[^T\o~ 

Inh^U)'!    =    (H*0)   +      L   "  •    JyN 

Arid  oxalate  Water.  Oxamic  add. 

of  ammoDiain. 

Second  Process,  —  They  are  also  obiained  bj  decomposing  the 
diamides  by  half  the  quantity  of  alkali  necessary  to  produce  com- 
plete decomposition : 


Oxamide.  Potash.  Ammonia.  Potasaic  oixaniate. 

Unrd  Process.—  An  imide  is  boiled  in  water : 

Arftfntic  Water.  Succinamate  of  silver, 

xuocininiidc. 

Properties.— Ist  The  monaraides  (f  this  class  all  act  as  monatomic 
acids. 

2nd.  As  they  only  differ  from  an  acid  ammoniacal  salt  by  the 
elements  of  a  molecule  of  water,  they  can  be  transformed  into  such  a 
salt  by  the  action  of  hydrating  agenta : 

H    [O  I  /HI     \  /C*0"')      \ 

H  '      I 

Ozamlc  add.  Water.  AcM  oxalate 

of  amuiotiium. 

When  the  hydrating  agent  used  is  an  acid  or  an  alkali,  instead  of  an 
acid  salt  of  ammonia,  the  products  of  its  decomposition  are  obtained. 

3rd.  Deh^'drating  agents,  such  as  anhydrous  phosphoric  acid,  cause 
these  bodies  to  lose  water  and  transform  them  into  imides : 


H 


^%\  ■  (si°)  ^  rrh) 


H 

Sncdnamlc  add.  Water.  SaociLfmlde. 

4th.  Added  to  the  solutions  of  these  amides,  nitrous  acid  causes  a 
disengagement  of  nitrogen,  a  molecule  of  water  is  eliminated,  and  the 
acid  of  which  the  amide  contains  the  elements  is  produced : 
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r^^'i  oi' 


+  rg(o)  -  (i}o)  ^  ^} 


n  I 

H  I 

Oxamic  acid.  Nitrons  add.  Water.  Kitrt^m. 

Oxalic  acid. 

Nomenclature. — ^These  bodies  are  named  by  replacing  tlie  termi- 
nation of  the  name  of  the  acid  by  amic.  Thus  we  say  oxamic  acid, 
snccinamio  acid,  etc. 

Biajnides. — Only  primary  diamides  have  as  yet  been  pi'e pared. 

Preparation. — First  Process, — A  neutral  salt  of  ammonium  is  sub- 
mitted to  careful  distillation  : 

Xentral  oxalate  Water.  Ozamidc. 

of  ammonlttm. 

Second  Process.  —A  neutral  ether  is  treated  with  aqueous  ammonia, 
nnd  a  diamide  and  an  alcohol  are  produced : 

(<-5]o.)  ^  .(|k)   .   (^-TIk.)  .  ,(c-}o) 

Dieibylic  socclDate.  Ammoniii.  Succlnamide.  Alcohol. 

Third  Process. — A  chloride  of  an  acid  radicle  is  made  to  act  on  dry 
ammoniacal  gas : 

Cblorkle  of  an  Ammonia.  Ainmonic  I>iamid<>. 

ncid  radicle  chloride. 

These  three  processes  are  identical  with  the  three  first  spoken  of 
under  the  primary  monamides  derived  from  monatomic  acids. 
Fourth  Process,— By  the  action  of  ammonia  on  imideft  : 

(5>)  .  |}«)  =  (g^s-.) 

Imlde.  Ammonia.  Diamide. 

PRoPERTJts. — 1st.  These  amides  can  absorb  water  and  be  trans- 
formed into  neutral  ammoniacal  salts : 


Oxamld".  Water.  Nentral  oxalate  of 

aminnntum. 


2  T  2 
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If  an  aoid  or  an  alkali  be  need  for  the  hydration,  the  prodacts  of  the 
decomposition  of  the  ammoniacal  salt  by  these  agents  are  obtained. 

2nd.  When  treated  by  half  the  quantity  of  base  necessary  to 
effect  their  complete  decomposition,  theso  bodies  give  ammonia  and 
the  alkaline  salt  of  an  acid  amide  : 


?H  ^  (1(0)  -  f^'^%]  ^  (|») 


/C»0»' 

QzMnklp.  PotMh.  PoUnic  ozamftte.  AmmoDto. 


Srd.  It  is  probable  that  under  the  influence  of  dehydrating  i^nts, 
these  amides  would  lose  two  molecules  of  water  and  be  transformed 
into  nitryles,  identical  or  isomeric  with  the  hydrocyanic  ethers  of 
glycols  lower  by  two  terms  in  the  series.  It  has  been  seen  that  ^si^hen 
an  alkali  acts  on  the  dicyanhydrin  of  a  glycol,  a  biatomic  and  bibasic 
acid  is  obtained,  belonging  to  a  series  higher  by  two  terms  than  that 
of  the  glycol  whose  dicyanhydrin  was  employed.  However,  the 
direct  dehydration  of  the  diamides  has  not  as  yet  been  effected. 

4th.  When  heated  alone  the  diamides  lose  ammonia,  and  are  trans- 
formed into  imides : 

(TH  =  (ih)  -  rri«) 

Soodiiamide.  AididodIa.  Sooclnlinida* 

5th.  Nitrous  acid  re-forms  the  acid  whence  the  amide  is  derived ; 
water  and  nitrogen  are  produced  at  the  same  time  : 

Sacdnflmld''.  Nltromadd.  Succinic  ackL  Nftrogcn. 

+    ^(ijo) 

Water. 

Imides. — Preparation.— JVr«/ ProceM. — Imides  are  obtained  by  de- 
composing diamides  by  heat. 

Second  Proceea. — ITiey  are  also  obtained  by  dehydrating  acid 
amides : 

((I>)}n)     .     (H^,     +     (|» 

Add  amide.  Water.  Imide.  ^ 

T7Urd  Process, — Imides  may  also  be  prepared  by  causing  ammonia  to 
not  on  an  anhydrous  biatomic  and  bibasic  acid : 
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(C^H'O'.O)    +    (NH*)     =     (^^'2"'}^)    +     (H'O) 

Snodnic  anhydride.  Ammonia.  Sacdnimlde.  Water. 

Properties. — Ist.  The  imides  always  act  as  monobasic  acids. 

2nd.  Under  the  influence  of  hydrating  agents,  imides  give  the  same 
products  as  acid  amides.  JBut  to  do  this  they  absorb  twice  the  quant  ity 
of  water ; 

Add  amide  Water.  Addsult  of  ammoniam. 

(h'}n)    +    2  (IPO)     +    /nh4o»J 

Imide.  Water.  Add  salt  of  ammonium. 

3rd.  It  is  probable  that,  under^  suitable  conditions,  the  imides  could 
absorb  ammonia  and  be  transformed  into  diamides  : 

(K")n)   +    (NHO     =     (IJn.) 


Imide.  Ammonia.  DIamide.* 


Amides  oontaining  Aloohol  Badioles. — In  the  preparation  of  di- 
amides, if  a  compound  ammonia  be  substituted  for  ordinary  ammonia, 
amides  are  obtained  which  contain  thie  radicles  of  alcohols  : 

Oxalate  of  ethjL  Ethylamiue.  IHetbjl-ozamlde.        •  AloohoL 

So  also  on  substituting  primary  monamides  for  ammonia  in  the 
preparation  of  acid  monamides,  the  acid  monamides  obtained  contaiv 
alcohol  radicles : 


I  (C»H»)H'N  io»  j    -     IPO 


C^* 
H 

Add  salt  of  etbyl-ammoninm.  Water.  Mohoethylic  add  monamide. 

Bodies  of  the  same  composition  as  the»e   latter,  but  neutral,  are 

*  Imides  are  derived  from  acid  amides  by  the  elimination  of  water,  as  nitryles  are 
derived  by  elimination  of  water  from  neutral  amides.  Nitryles  fix  nascent  hydrogen, 
giving  compound  ammonias.  It  might  be  supposed  from  analogy  that  nasoent 
hydrogen  would  also  be  fixed  by  the  imides,  but  M.  Oppcnheim  and  myself  have  as- 
certained that  this  is  not  the  case. 
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obtained  when  dry  ammoniacal  gas  is  made  to  act  on  a  dialoobolic 
ether : 

(((S?'h  +  <"=•)   -  (^^^  ij-)  +  (Tfo) 

OxAUte  of  etbyL  Ammonia.  Osunetbaiie.  AloohoL 

These  latter  bodies  decompose,  under  the  influence  of  alkalies,  into 
alkaline  salts,  ammonia,  and  alcohol : 

Oiainetbane.  PoUsh.  FotMilc  ozaUte.  AlooboL 


AmmoDla. 


On  the  contmry,  their  isomers,  obtained  by  means  of  compound 
ammonias,  give  compound  ammonia,  water,  and  an  alkaline  salt  by 
the  action  of  alkalies : 

Munocthylic  acid  monamide.  Potash.  Neutral  potanic  atlL  Water. 


EthylamfiM. 

The  rational  formuln  we  have  employed  to  represent  these  isomers 
take  into  account  their  difference  of  properties.  They  show  that  in 
the  first  the  alcohol  radicle  is  substituted  for  the  typical  hydrogen 

of  the  acid  residue  (t|-  >  0\  which  consequently  is  brought  back  to 

the  neutral  state,  while  in  the  others  this  alcohol  radicle  is  substituted 
for  an  atom  of  hydrogen  of  the  ammonia. 

Those  bodies  which  contain  the  radicle  ethyl  substituted  for  the 
typical  hydrogen  of  the  acid  residue  are  called  ameihanes. 
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AmDES  DERIVED  PROM  ACIDS  HAVING  AN  ATOMICITY 

GREATER  THAN  TWO. 

Triatomic  acids  may,  by  snccet^sive  eliminations  of  HO,  give  rise  to 
mono,  bi,  or  triatomio  residues,  which,  when  substituted  for  the  idmple 
and  condensed  types, 


HI  HM  Il»l 

HVN  hHv  IP' 

HJ  IPJ  H»I 


►N' 


^ve  primary,  secondary,  tertiary  monamides,  diamides,  or  triamidee. 
Reasoning  from  analogy,  it  may  bo  deduced  that  tetratomic  acids  could 
produce  monamides,  diamides,  triamides,  and  tetramides ;  pentatomic 
acids,  monamides,  diamides,  triamides,  tetramides,  and  pentamides,  etc. 

When  polyatomic  acids  have  a  basicity  equal  to  their  atomicity,  as 
the  different  residues  cannot  present  any  case  of  isomerism,  no  phe- 
nomenon of  this  kind  is  observed  in  the  amides  of  which  they  form 
part.  The  basicity  of  any  residue  is  always  equal  to  that  of  the  acid 
whence  it  is  derived,  less  the  number  of  the  group  OH  eliminated. 
The  result  is  that  the  most  condensed  amide,  that  which  contains  the 
radicle  of  the  acid,  is  neutral,  while  the  others  are  acid  and  present 
basicities  equal  to  those  of  the  residues  which  enter  into  their  forma- 
tion. It  will  be  seen  from  this  that  the  most  condensed  amide  being 
neutral,  that  of  which  the  condensation  is  less  by  one  degree  is  mono- 
basic, that  of  which  the  condensation  is  less  by  two  degrees,  bibasic, 
etc. 

When  polyatomic  acids  have  a  basicity  inferior  to  their  atomicity, 
with  the  exception  of  the  radicle  which  does  not  contain  typical  hydro- 
gen, each  residue  may  result  from  the  elimination  of  a  group  OH  con- 
taining a  positive  hydrogen  or  from  a  gi'oup  OH  containing  a  negative 
h^'drogen.  The  residues  therefore  present  cases  of  isomerism  which 
naturally  are  also  found  in  the  amides  which  are  derived  from  them. 

Let  us  take  for  example,  Ist,  the  case  of  a  triatomio  and  monobasic 
acid ;  and,  2ndly,  the  case  of  a  triatomic  and  bibasic  acid.  We  will 
represent  a  triatomic  and  monobasic  acid  by  the  general  formula 

I       H"*"  lo*  y    The  following  residues  may  be  obtained :  a  (  tt_tt-  lo*  ) 

monatomic    and    neutral,     which  would    furnish    neutral    amides- 

B I H'*'  >  0'  Imonatoniio  and  monobaaio,  whicn  wonld  famish  acid  and 

monobasic  amides  ;  y  (  |t_  [  0  )"biatomic  and  neutral,  which  would  give 

/R"  1      \'' 
neutral  diamides;  3  [ S+  \0\   biatomio  and  monobasic,  which  would 


P I  Il'^y  0*  I  monatomic  as  a  radicle,  and  monobafiic  as  an  acid,  which 
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give  monobaBic  diamides ;  c  R'"  triatomic  and  neutral,  which  wonld 
give  neutral  triamides. 
We  will  also  represent  a  triatomic  and  bibasic  acid  by  the  general 

formula  I  H+H'*'  >  0^  I     It  will  be  seen  that  this  acid  could  furnish 
\     H-        / 

the  following  i-esidues :  a  ( ;n;+n;+  f  ^ )  oionatomio  as  a  radicle,  and 
bibasic  as  an  acid,   which  could  produce  bibasic  acid  monamides; 

could  give  rise  to  monobahicacid  monamides ;  y  [  tt+  [  O  ]  biatomic  as 
a  radicle,  and  monobasic  as  an  acid,  which  could  give  monobasic 
diamides;  8  (it-[0)    biatomic  and  neutral,   which   could   furnish 

neutral  diamides;  e  R'"  tiiatomic  and  neutral,  which  could  give 
neutral  triamides. 

On  representing  by  general  formulaa  the  tetra,  penta,  and  hezatomio 
acids,  and  exhausting  in  these  formulie  all  the  combinations  which  can 
be  obtained  by  the  elimination  of  OH,  all  the  amides,  isomeric  or  not, 
to  which  they  can  give  rise,  will  be  easily  ascertained. 

However,  it  must  be  acknowledged  that  this  is  theoretical.  As  a 
matter  of  fact,  only  very  few  amides  derived  from  acids  having  an 
atomicity  greater  than  two  are  known. 

Those  which  are  known  are  : 

1st.  The  neutral  malo-diamide  : 


Il'f 


H> 


2nd.  The  acid  malodiamide  known  as  asparagin  and  extracted  from 
certain  vegetables : 

3rd.  The  bibasic  malic  acid  monamide  (aspartic  acid)  obtained  by 
the  action  of  bases  on  asparagin,  or  by  the  hydration  of  fumarimide  by 
means  of  boiling  hydrochloric  acid : 


/C^H'O'"']  ^Yl 


H 

n 
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4  th.  Tartramic  acid  or  tartaric  acid  monamide,  monobaBiG : 


(  vr} 

H 


H 

5th.  Tartrainide  or  neutral  tartaric  diamide  : 


rT-}  "■)'},. 


H 

6th.  Phenyl-citrodiamic    acid,  or  monobasic,  citric  acid  di-pheiiyl- 
diamide : 

7th.  Phenyl-citramide,  or  neutral  citric  phenyl-triamide  : 

rT]  0)1,: 

8th.  Neutral  citix)-triamide : 


'( 


^T- }  o)-L\ 


668ides  these,  two  citric  imides  are  known : 

Phenylic  monimide,  which  is  monobasic,  and  which  is  called  phenyl- 
citramic  acid : 


\ '  C'H'j     / 


Neutral  phenylio  di-imide,  or  phenyloitrimide : 

Several  amides  of  polyatomic  acids,  such  as  meconic,  comenic  acids, 
etc.,  are  known.  But  as  the  atomicity  of  these  acids  has  not  as  yet 
been  established,  it  is  impossible  at  present  to  assign  a  satisfactory 
rational  formula  to  these  bodies. 
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FHENOLa 

Tho  name  of  phonols  is  given  to  bodies  which  have  the  same  compo- 
sition as  tlie  alcohols  of  the  aromatic  series,  or  of  series  which  are  less 
hydrogenized,  but  which  in  their  properties  present  marked  differences 
to  these  alcohols.    All  the  phenols  have  not  the  same  atomicitj. 

Formation  of  Phenols. — Ordinary  phenol  (C'H'K))  is  the  only  one 
that  has  been  produced  synthetically.  It  may  be  obtained  by  the  re- 
action of  nitrous  acid  on  aniline  : 

(TH+esio)=sf-(gto)+(T)o) 

ADillD«  Nitron*  add.        Nitrogen.  Water.  PbenoL 

(phenylauiliM>. 

All  the  others  are  pyrogenized  products  derived  from  other  organic 
compounds  according  to  a  law  more  or  less  regular,  or  they  result  from 
the  splitting  up  of  certain  natural  principles  : 

(C^H«0*)     =     (CO*)     +     (C*H«0» 

Qalllo  add.  Carbonic  Pyrrtgallic 

anhydride.  .  phouoL 

(C^H^'O'^)    +     2(IP0)     =     (C*H"0*)    +    2(C0*)    +    2(C7BSy) 

ErytbriD.  Water.  Erytbriie  Carbonic  Orcln  (blatamlc 

anhydride.  phenol). 

Properties. — Ordinary  phenol  (C^H^O)  is  the  only  one  well  studied: 
it  possesses  the  following  properties,  which  probably  appertain  to 
the  other  phenols. 

1st.  Phenol  exchanges  an  atem  of  h^'drogen  for  an  alkaline  metal  by 
double  decomposition,  in  presence  of  bases,  in  the  same  manner  as 
acids.  But  the  compounds  thus  obtained  are  very  slightly  stable,  and 
simple  distillation  with  water  decomposes  them  into  phenol  and  fi*e6 
base. 

Carbonic  anhydride,  on  reacting  with  the  metallic  derivatives  of 
phenols,  combines  directly  with  them,  and  transforms  them  into  the 
alkaline  salts  of  acids  of  a  higher  series.  The  metallic  derivatives  ot 
alcohols,  and  salts  properly  so  called,  do  not  appear  to  possess  this 
property. 

2nd.  The  amnion  iacal  compound  of  phenol  may,  on  being  dehydrated, 
be  transformed  into  an  alkaloid,  aniline,  the  basic  properties  of  which 
are  very  marked,  though  less  so  than  those  uf  the  true  alcuholic 
alkaloids. 

3rd.  On  causing  hydriodic  ethers  to  react  on  the  phenate  of  potassium, 
true  mixed  ethers  are  obtained,  which  contain  the  radicle  of  phenol  and 
the  radicle  of  an  alcohol : 


r  K  ( o) 

+  rn)  ■ 

+  ^! 

Plienat^  of 

iodide  of 

Phenale  of 

Iodide  of 

potassium. 

eth\  I. 

eibyl. 

liotassiuin. 

r 
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The  same  bodies  may  be  formed  in  another  manner :  salicylio  acid 
(CrH*0*)  is  decomposed  by  baryta  into  carbonio  anhydride  and  phenol. 
When  the  salicylate  of  methyl  is  substituted  for  salicylio  acid  in  this 
reaction,  the  phenate  of  methyl  is  obtained  instead  of  phenol : 

(S'Sl  0-)    +    B.0     .      (^,;|  0.)    +    {^]  O) 

Monomethyllo  Baryta.  Baryltc  I'benat^of 

BdUcjlate.  cnrbonute.  methyL 

These  ethers  are  never  obtained  by  the  direct  action  of  phenol  on  the 
alcohols.  They  differ  essentially  from  those  which  contain  only  radicles 
of  alcohols  and  from  those  which  contain  acid  radicles.  While  the 
two  latter  classes  of  ethers  split  up  under  the  influence  of  sulphuric  or 
nitric  acids,  and  furnish  derivatives  corresponding  to  their  two  gene- 
rators, thephenio  ethers  react  with  these  acids,  giving  single  derivatives 
analogous  to  those  furnished  by  phenol  itself: 

(cff}^)    +    Ch"}o)     =     (0'H'(NO')0)    +    H'O 

Pheoate  of  metl^yL  Nitric  acid.  Nltropbeniteof  metltjt  Water. 

4th.  Phenols  do  not  combine  directly  with  acids,  but,  under  the 
influence  of  acid  chlorides,  they  fomish  compounds  which  result  from 
the  substitution  of  an  acid  radicle  for  the  hydrogen  of  the  phenol. 

These  bodies,  analogous  by  their  composition  either  to  compound 
ethers  or  to  mixed  anhydrides,  clearly  differ  from  both.  They  differ 
from  mixed  anhydrides  in  that  water  does  not  decompose  them,  and 
from  compound  ethers  inasmuch  as  nitric  acid  reacts  differently  with 
several  of  them,  especially  with  phosphoric  phenol;  and  instead  of 
being  neutral  like  compound  ethers,  they  appear  to  be,  like  phenol  itself, 
capable  of  entering  into  double  decomposition  with  bases. 

5th.  Phenol  oxidizes  with  dif&culty,  and  its  oxidation  takes  place 
without  loss  of  hydrogen,  and  with  the  formation  of  a  product  analogous 
to  phenol.  This  character  removes  phenol  from  the  alcohols,  which  in 
this  case  would  lose  hydrogen  to  give  aldehyds,  and  then  fix  oxygen 
and  be  changed  into  acids. 

Cth.  With  phenol,  chlorine  gives  derivatives  of  substitution  without 
elimination  of  hydrogen ;  the  alcohols,  on  the  contrary,  always  lose 
two  atoms  of  hydrogen,  for  which  the  chlorine  is  not  substituted. 

7th.  Phenol  when  submitted  to  the  action  of  nitric  acid,  exchanges 
one,  two,  or  three  atoms  of  hydrogen  for  the  radicle  nitryl  (NO*). 
These  products,  like  phenol,  are  capable  of  entering  into  double 
decomposition  with  bases,  and  do  not  reproduce  their  generators  under 
the  influence  of  hydrating  agents ;  alcohols,  on  the  contrary,  exchange 
H  for  NO*  only  once.  The  product  is  a  comjwund  ether,  perfectly 
neutral,  and  capable,  on  becoming  hydrated,  of  repn)ducing  its 
genemtora. 
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Phenols  are  therefore  bodies  which,  while  having  the  oompoeition  of 
alcohols  and  several  properties  of  acids,  differ  essentially  from  boib 
these  olasses  of  bodies. 

To  polyatomic  phenols  there  appear  to  belong  a  great  number  of 
colouring  principles,  which  are  either  themselves  phenols,  as  appears  to 
be  the  case  with  alizarine  (C"H*C)'),  or  are  derived  from  them  by 
oxidation  and  the  fixation  of  ammonia : 

2r(7H»0«)    +     3(^1^    +    2(NBP)     =     2((7EreO')     +    4(H«0) 

OrdnCbiar  Oxjgm.  Amttonia.  Oraeia.  Water, 

tomic  phenol). 


CONSTirtTTON  OF  PHElTOIiS. 

That  phenols  are  not  true  alcohols  is  clearly  shown  by  their  proper- 
ties, and  it  has  especially  become  evident  since,  in  several  series,  both 
phenols  and  alcohols  which  are  isomeric  with  them  are  known.  This 
is  seen  in  the  benzoic  and  in  the  cuminic  series. 

In  the  first  of  these,  cresylic  phenol  and  benzilic  alcohol,  both 
having  for  formula  ((7H»0),  and  in  the  second  thymol  (C"H**0),  isomeric 
with  cuminic  alcohol,  are  known. 

In  what  do  these  phenols  differ  from  alcohols?  E6kiil6  has  pro- 
pounded a  theoiy  which  so  far  is  in  accordance  with  facts,  and  which 
accounts  for  this  isomerism. 

We  have  seen  that,  according  to  him,  benzine  results  from  the  nuion 
of  six  atoms  of  carbon  forming  a  dosed  chain,  in  which  each  atom  loses 
three  atomicities,  only  the  fourth  remaining  free  to  unite  with  hydrogen. 
In  this  hydrocarbide,  the  grouping  being  different  from  that  in  the 
series  OH****,  it  is  evident  that  when  OH  is  here  substituted  for  H,  a 
species  of  alcohol  differing  from  the  ordinary  alcohols  should  be 
obtained. 

Let  us  represent  this  alcoholic  derivative  of  benzine  (phenol)  and 
ethylio  alcohol  by  the  following  figures  : 

C  H  C  H  C  H  ^ 

(i -i-iIlL)(DCi     i     CZD  ®  CEZ*  "  ■     i )  CD    ? 


nienol. 


0 


I 


®^  (DazxzrzD 


r^     H  C 


Ethyllc  alcQhoL 


A  great  difference  will  at  once  be  observed  in  the  constitution  of 
these  bodies. 
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In  ethjlic  as  in  all  alcohols,  the  hydroxyl  OH  is  united  to  an  atom 
of  carbon,  two  other  atomicities  of  which  are  saturated  by  hydrogen. 
The  result  is  that  this  hydrogen  may  be  exchanged  for  oxygen,  and 
thus  render  the  compound  electro-negative,  that  is  to  say,  transform  the 
alcohol  into  an  acid,  as  is  shown  by  the  following  figure : 
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In  phenol,  on  the  contrary,  the  hydroxyl  is  united  to  an  atom  of 
carbon  of  which  all  the  other  centres  of  attraction  are  saturated  by 
carbon ;  it  is  therefore  impossible  to  replace  IP  by  0  near  the  group 
OH,  that  is  to  say,  to  transform  the  phenol  into  an  acid. 

The  constitution  of  phenol  being  thus  understood,  it  is  evident  that 
this  body  could  not  have  an  isomer,  neither  has  it ;  but  its  homologues 
have  isomers  which  are  true  alcohols. 

As  toluene,  xylene,  etc.,  are  only  benzine  one  or  more  atoms  of  the 
hydrogen  of  which  are  replaced  by  alcohol  radicles,  so  also  its  homo- 
logues are  derived  from  phenol  by  the  substitution  of  alcohol  radicles 
for  hydrogen ;  cresylic  phenol,  for  example,  is  methylated  phenol : 
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It  will  be  seen  from  the  above  diagram  that  cresylic  phenol  is  derived 
from  toluene  by  the  substitution  of  OH  for  H  in  the  principal  chain, 
and  that  this  hydroxyl,  being  under  the  same  conditions  as  in  ordinary 
phenol,  should  possess  the  same  properties. 

But  if  we  suppose  hydroxyl  to  be  substituted  for  hydrogen  in 
methyl,  which  in  our  diagram  forms  a  lateral  chain — 
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the  same  atom  of  carbon  which  holds  this  hydroxy!  also  holds  H", 
which  consequently  may  be  exchanged  for  O  and  give  rise  to  an  acid. 
The  compound  which  would  have  this  constitution  should  therefore 
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present  oharacieriBtios  analogous  to  those  of  alcohols  proper,  which  it 

really  does. 

As  we  go  higher  in  the  aromatic  series,  we  can  conceive  for  one  and 
the  same  term  of  this  venes  seyerol  phenols  and  Reyeral  alcohols, 
isomers,  derived  from  several  hydrocarhides  also  isomers. 

Thus  we  have  seen  that  there  exist  two  hydrociirhides  having  the 
foj-mula  (C®H'");  each  of  these  hydrocarhides  may  furnish  an  alcohol 
and  a  phenol : 
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Therefore,  to  each  hydrocarbide  homologous  with  benzine  there  cor- 
lesponds  a  phenol  and  an  alcohol,  and  these  two  bodies  differ  in  that 
the  alcohol  arises  from  the  substitution  of  OH  for  H  on  a  lateral  chain, 
while  in  the  phenol  the  substitution  is  on  the  principal  chain  itself. 

When  speaking  of  the  preparation  of  monatomic  acids,  we  have 
seen  that  the  cyanides  of  aromatic  alcohol  radicles,  on  becoming 
hydrated,  give  acids  isomeric  with  benzoic  acid  and  its  homologues ; 
it  is  probable  that  the  cyanides  of  the  radicles  of  phenols  would,  on 
being  hydrated,  give  true  homologues  of  benzoic  acid. 

The  following  diagrams  show  that  the  hydration  of  cyanide  of 
benzyl  and  cyanide  of  cresyl  should  produce  two  isomeric  acids  : 
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We  said,  when  speaking  of  aromatic  hydrocarbides,  that  the  theory 
of  M.  K^kul^  does  not  explain  clearly  the  combination  of  benzine 
with  CP  or  Br*. 

However  this   may  be,  this  theory,   the  only  one  as  yet   which 
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acoounts  for  the  nnmerous  iflomerisms  observed  in  the  aromatic 
series,  is  correctly  based,  and  the  deficiency  mentioned  cannot  be 
regarded  as  a  serious  argument  against  it,  as,  after  all,  the  grouping 
of  benzine  may  easily  be  modified  under  the  influence  of  chlorine 
or  bromine. 

List  of  the  Phenols  actually  known. — Ist.  Monatomic  Phesoijs. — 
Ordinary  phenol,  extracted  from  the  oils  of  pit-coal  (C'H*0). 

Cresylic  phenol,  or  cresylol,  which  is  extracted  from  creosote 
(C^H^). 

Fhloretic  phenol,  resulting  frx>m  the  splitting  up  of  the  acid  of 
the  same  name  (C»H"0). 

Thymotic  phenol,  or  thymol,  which  exists  in  the  essence  of  thyme 
(C"ff*0). 

2nd.  BiATOMic  Phenols.  —  Pyrocatechic  phenol,  or  pyrocatechol 
(C'H'O*),  obtained  by  the  dry  distillation  of  catechu. 

Guaiacic  phenol,  obtained  by  the  distillation  of  the  resin  of  guai- 
acum  ;  and  orcin,  obtained  by  the  decomposition  of  an  erythride  called 
erythrin.     Both  these  phenols  have  the  formula  (CH*0'). 

Veratrol  (C'H*^),  which  is  prepared  by  distilling  an  acid  (veratrio 
acid)  contained  in  plants  of  the  veratmm  species. 

3rd.  Triatomic  Phenols. — Pyrogallic  phenol,  or  pyrogallol,  obtained 
by  the  diy  distillation  of  gallic  acid ;  franguline  and  phloro-glucine, 
all  of  which  have  for  formula  (C'H'O*). 

Alizaric  phenol,  or  alizarin  (C'H'O'),  the  colouring  principle  of 
madder  (Bubia  tinctorum). 

There  should,  perhaps,  be  added  to  this  list  hsematin,  the  colouring 
principle  of  logwood,  the  formula  of  which  (C"H"0*)  would  be  that 
of  a  hexatomic  phenol ;  and  oenoline,  the  colouring  principle  of  wine, 
the  composition  of  which  (C^°H"0*)  corresponds  to  that  of  a  pentatomic 
phenol. 


GENEBAIi   CON8IDEBATIONS    ON   ATOMIOITT  AKB 

BASICITY. 

We  have  seen  that  the  atomicity  of  a  molecule  consists  in  the 
number  of  atoms  of  typical  hydrogen  it  contains,  that  is  to  say,  of 
hydrogen  that  can  be  readily  replaced  by  other  radicles ;  while  basicity 
expresses  the  number  of  atoms  of  hydrogen  for  which  alkaline  metals 
may  be  substituted  by  double  decomposition  with  bases. 

M.  Eekul^  has  given  the  following  explanation — which  we  think 
correct— of  the  causes  to  which  the  properties  of  typical  and  basic 
hydrogen  are  respectively  owing : 

In  the  carbides  of  hydrogen,  all  the  hydrogen  is  united  directly 
to  the  carbon,  but  it  is  possible  for  an  atom  of  hydrogen  to  be  elimi- 
nated and  for  an  atom  of  oxygen  to  take  its  place.  But  as  oxygen  is 
"biatomic  it  is  not  saturated  on  uniting  with  the  carbon  by  only  one 

2  u 
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of  its  atomicities,  and  therefore  by  the  other  it  combines  with  an  atom 
of  hydrogen : 

C 


The  above  figure  represents  the  oxygenized  molecule  thus  formed. 
It  will  be  seen  that  it  contains  three  atoms  of  hydrogen  united  directly 
to  the  carbon,  and  a  fourth  which  is  united  to  it  only  by  means  of  the 
oxygen.  This  last  is  typical  hydrogen ;  the  oxygen  which  serves  as 
bond  between  it  and  the  carbon  has  been  called  oxygen  of  addition, 
and,  although  this  term  is  incorrect,  we  shall  retain  it  for  want  of  a 
better.  It  will  be  seen  that,  if  the  hypothesis  of  M.  E6kul^  be  true, 
each  atom  of  the  oxygen  of  addition  should  render  an  atom  of  hydrogen 
typical,  so  that  the  atomicity  of  a  molecule  should  always  be  equal  to 
the  number  of  atoms  of  oxygen  of  addition  it  contains. 

The  hydrogen  rendered  typical  in  the  manner  just  indicated  is 
alcoholic  hydrogen,  and  the  bodies  of  which  it  forms  part  are  alcohols. 
The  following  figures  represent  the  composition  of  propyl-alcohol  and 
of  propyl-glycol : 
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In  order  that  the  typical  hydrogen  may  become  basic,  it  is  necessary 
that  for  its  two  adjoining  atoms  of  hydrogen  a  second  atom  of  oxygen 
be  substituted.  It  will  be  conceived  from  this  that  if,  in  a  poly- 
atomic alcohol,  the  substitution  only  takes  place  in  the  neighbourhood 
of  one  atom  of  typical  hydrogen,  and  not  in  that  of  others,  that  alone 
becomes  basic  where  the  substitution  takes  place.  The  result  is,  that 
in  order  to  transform  all  the  typical  into  basic  hydrogen,  it  is  neces- 
sary to  introduce  as  many  atoms  of  oxygen  of  substitution  as  there 
are  atoms  of  oxygen  of  addition. 

If  a  smaller  quantity  of  oxygen  of  substitution  were  introduced  into 
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the  molecule,  the  number  of  atoms  of  hydrogen  made  basic  would 
always  be  equal  to  the  number  of  atoms  of  oxygen  substituted.  This 
explains  why  a  polyatomic  alcohol  can  give  origin  to  several  acids, 
all  of  the  same  atomicity  as  itself,  but  of  a  basicity  varying  with  the 
quantity  of  oxygen  substituted. 

The  following  figures  represent  the  constitution  of  hydride  of  propyl, 
propylic  alcohol,  propyl-glycol,  propionic  acid,  lactic  acid,  and  malonic 
acid.  The  basic  hydrogen  is  marked  by  the  sign  +,  and  that  which 
is  typical  by  " : 
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It  will  be  seen  that  lactic  acid  shonld  be  monobasic  though  it 
is  biatomic,  while  malonic  acid  is  biatomic  aad  bibasic.  It  will 
also  be  seen  that,  according  as  the  group  OH"^  or  the  grovp  OH' 
is  removed  from  lactic  acid,  neutral  or  acid  monatomic  residues  will 
be  formed : 
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The  hypothesis  of  M.  E^kuU  is  verified  in  all  the  cases  observed, 
with  the  exception  of  that  of  carbonic  acid. 

Carbonic ^acid  does  not  exist,  but  bimetallic  carbonates  do;  it  is 
therefore  certain  that  if  this  acid  could  be  procured  it  would  be  bibasic 

Besides,  sulpho'Carbonic  acid  (   xrtfS*]  is  known,  and  it  is  bibasio, 

which  comes  to  the  same  thing.  Thus  carbonic  acid  should  be  oon- 
sidered  as  the  first  term  of  the  series  to  which  lactic  acid  belongs ;  it 
appears,  therefore,  that  it  ought  to  be  only  monobasic,  like  its  homo- 
logues,  because,  like  them,  it  contains  only  a  single  atom  of  oxygen 
of  substitution. 

However,  the  anomaly  of  carbonic  acid  is  easily  explained,  and  does 
not  affect  the  views  of  M.  E^kul6.    The  hydride  of  methyl  being 
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It  is  very  evident  that  metbyl-gljcol  containing  only  two  atoms  of 
non-typioal  hydrogen,  oannot  exchange  H*  for  0",  bnt  only  H*  for  O. 
If  we  represent  this  substitution  by  a  diagram,  we  shall  have  the  figure : 


c 


As  is  seen  by  these  figures,  the  molecule  of  methyl-glycol  only  con- 
tains two  atoms  of  non-typical  hydrogen ;  the  substitution  of  oxygen 
for  these  two  atoms  consequently  fumisbes  a  molecule  of  wbich  the 
two  atoms  of  typical  hydrogen  have  each  an  atom  of  the  oxygen  of 
substitution  near  them,  and  are  therefore  basic.  The  same  fact  could 
not  be  produced  with  an  alcohol,  which  would  contain  more  than  one 
atom  of  carbon,  and  consequently  more  than  two  atoms  of  non- 
typical  hydrogen.  In  this  case  one  of  the  groups  OH  would  be 
separated  from  the  oxygen  of  substitution,  and  would  therefore  con- 
tain typical,  not  basic  hydrogen.  The  following  figures  render  this 
explanation  easy  to  be  understood  : 
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The  group  OH,  which  contains  the  hydrc^en  marked  a,  touches  the 
atom  of  oxygen  substituted,  while  the  group  OH,  which  contains  the 
hydrogen  fi  is  very  distant  from  it. 


AIiDEHYDS. 

The  name  of  aldehyds  is  given  to  bodies  which  are  intermediate 
between  the  alcohols  whence  they  are  derived  by  elimination  of 
hydrogen,  and  the  acids  from  which  they  differ  by  containing  less 
oxygen. 

In  order  to  understand  the  formation  of  the  aldehyds,  it  should  be 
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remembered  that  aloohols  possess  the  property  of  losing  hydrogen,  for 
which  an  equiyalent  quantity  of  oxygen  may  be  snbetitnted.  This 
substitution  takes  place  in  two  distinct  stages :  first,  the  alcobol  is 
dehydrc^nized,  then  it  becomes  oxidized.  The  intermediate  product 
which  is  dehydrogenized  and  not  yet  oxidized  is  an  aldehyd.  It  will 
be  seen  from  this  that  the  monatomic  aloohols  which  can  only 
exchange  H'  for  0  once,  should  give  rise  to  a  single  aldehyd,  while  to 
biatomic  alcohols,  which  can  undergo  this  substitution  twice,  two 
aldehyds  should  coiTespond,  and,  generally,  to  alcohols  of  an  atomicity 
equal  to  n,  n  aldehyds. 

The  aldehyds  derived  from  monatomic  alcohols  are  the  best  known. 
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These  contain  two  atoms  of  hydrogen  less  than  the  aloohols,  and  an 
atom  of  oxygen  less  than  the  acids  to  which  they  correspond : 

(C«H«0)  (C»H*0)  (C>H*0") 

Alcohol.  Aldehyd.  Aoetlc  add. 

(C^»0)  (C'H^G)  (C^*0^) 

Boizyl-aloohol.  BeDzyl.«ldebyd.  Beniolc  add. 

Preparation. — First  Process, — Aldehyds  are  prepared  by  the  oxida- 
tion of  alcohols ;  hydrogen  is  separated  in  tbe  state  of  water,  and  an 
aldehyd  is  formed : 

2(C*ir'0)     +     ^l     =     2(C*H"0)    +    2(BP0) 

Amyllc  aloohoL  Oxygen.  Valeric  aldehyd.  Water. 

Second  Process, — Aldehyds  may  also  be  produced  by  causing  chlorine 
to  act  on  a  diluted  alcohol ;  but  as  the  same  result  does  not  take  place 
with  absolute  alcohols,  and  as  moreover  this  formation  of  aldehyd  by 
chlorine  is  always  accompanied  by  that  of  a  certain  quantity  of  acid,  it 
must  be  admitted  that  chlorine,  in  this  case,  acts  simply  as  an  oxidizin|^ 
agent. 

jTfetrd  Process, — These  bodies  may  be  obtained  by  distilling  an  inti- 
mate mixture  of  formiate  of  calcium  and  a  calcic  salt  of  the  acid  corre- 
sponding to  the  aldehyd  to  be  prepared : 

[(C^HW)»Ca"]    +     [(CHO*)»Ca"j     =     2('^^,vlo^)    +    2(C^H«0) 

BeDzoatc  ofcaldum.  Oaldc  fomiJAte.  Galdc  carbonate.  Bemsoio  aldehyd. 

Fourth  Process, — Hydride  of  copper  is  made  to  act  on  the  chloride 
of  an  acid  radicle : 

^f^'^Cll)     +    (Cu"H»)     =     (Cu'CP)    +    2(C'HH)) 

Chloride  of  benzoyl.  Hyilrlde  of  Protochlorlde  Benzoic  aldehyd. 

copper.  of  oopper. 
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This  process,  the  discovery  of  which  is  due  to  M.  Chiozza,  gives  very 
little  aldehyd,  as  the  greater  part  of  the  hydride  of  copper  is  decom- 
posed without  taking  part  in  the  reaction. 

Fifth  Process, — M.  Lippemann  has  prepared  benzoic  aldehyd  by 
acting  upon  the  chloride  of  benzoyl  by  nascent  hydrogen,  developed 
by  causing  dry  gaseous  hydrochloric  acid  to  act  on  sodium  amalgam. 

Sixth  Process. — A  cyanide  of  an  acid  radicle  is  prepared  by  causing 
the  chloride  of  the  same  radicle  to  act  on  the  cyanide  of  potassium,  or 
what  is  better,  on  dry  cyanide  of  silver.  Nascent  hydrogen,  on  reacting 
with  this  C3'anide  of  an  acid,  furnishes  hydrocyanic  acid  and  an 
aldehyd : 

((7H*0C1)     +     (AgCy)     =     (AgCl)    +    (C'H»OCy) 

Chloride  of  benioyL  Cyanide  of  Chloride  of  Qyanide  of  beniojrl. 

sllTer.  silver. 

2(CH'0Cy)      +     2({}})     =     2(^y})    +     2(C'H'0) 

Qjanideof  benzoyL  Hydrogen.  Hydrocyanic  Benzoic  aldehyd. 

acid. 

Seventh  Process. — Besides  these  processes  which  are  general,  certain 
aldehyds  may  be  prepaied  by  the  division  of  certain  natural  principles. 
Thus  amygdalin,  a  glucoside  contained  in  bitter  almonds,  can  give  rise 
to  benzoic  aldehyd  on  being  saponified  by  dilute  acids,  or  by  emulsin, 
a  ferment  contained  in  the  same  almonds  : 

(C^BP'NO")    +    2(H*0)    =    (Cna^O)    +    (CHN)    +    2((?H"0«) 

Amygdalin.  Water.  Benzoic  aldehyd.         Hydro^vnic  Olacoae. 

Eighth  Process. — The  essential  oils  contained  in  the  seeds  of  certain 
plants  sometimes  contain  aldehyds  ready  formed.  Thus  the  oil  of 
cumin  contains  cuminic  aldehyd  (C'H^O). 

Ninth  Process. — ^The  dehydration  of  polyatomic  alcohols  may  some- 
times give  rise  to  aldehyds  which  correspond  to  monatomic  alcohols : 
at  least  one  case  of  this  kind  is  known.  Ordinary  glycerine,  distilled 
with  anhydrous  phosphoric  acid,  gives  rise  to  acrylic  aldehyd 
(acrolein) : 

(C*H«0»)     =     2(HK))     -f     (C«H*0) 

Glycerine.  Water.  Acrylic  aldehyd. 

Properties. — Aldehyds,  to  whatever  series  they  belong,  possess 
common  properties.  But  there  are  also  properties  which  distinguish 
the  different  series.  We  will  first  consider  their  common  properties, 
then  those  which  are  distinctive. 

Properties  common  to  all  Aldehyds. — 1st.  Under  the  slightest  oxidizing 
influences,  and  sometimes  even  by  simple  exposure  to  the  air,  aldehyds 
can  absorb  an  atom  of  oxygen  and  be  transformed  into  monatomic 
acids: 
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2(C»ff"0)       +      ^1       =       2(C»H'ny) 

Valeric  aUMiyd.  Oxygen.  Valeric  add. 

This  property  makes  them  powerful  reducing  agents. 

2nd.  Fused  with  potanh  the  aldehyds  are  transformed  into  potaasio 
salts  of  the  corresponding  monatomic  acids,  with  disengagement  of 
hydrogen : 

CumlDlc  aldehyd.  Pulaah.  Camlnateof  Hydrogra. 

potairinin 

drd.  Nascent  hydrogen,  obtained  by  the  action  of  water  on  sodium 
amalgam,  combines  directly  with  aldehyds  and  transforma  them  into 
corresponding  alcohols.  If  the  aldehyd  belong  to  a  non-satarated 
series,  the  reaction  is  still  the  same,  but  nascent  hydrogen  is  then 
fixed  by  the  alcohol  formed,  and  a  saturated  alcohol  of  another  series 
is  obtained : 

(C«H*0)      +      h}       "       (C«H«0) 

Acetic  aldehyd.  Hydrogen.  Ordinary  alooboL 

((?H'0)     +     ||     =     (C'H'O)    +    gf     =     {CBK>) 

Acrylic  aldehyd.        Hydrogen.  Allylio  alcohol.         Hydrogen.         Fkopylic  alcohol. 

Nascent  hydrogen,  obtained  by  zinc  and  sulphuric  acid,  does  not 
appear  to  unite  with  the  aldehyds. 

4th.  When  the  pentachloride  of  phosphorus  acts  on  an  aldehyd,  double 
decomposition  takes  place ;  oxychloride  of  phosphorus  is  formed,  and  a 
compound  which  represents  the  aldehyd  employed  the  oxygen  of 
which  has  been  replaced  by  an  equivalent  quantity  of  chlorine : 

(CH^O)    +    (POP)     =     (PCTO)    +    ((7H*C1») 

Aldehyd.  Pentachloride  of         Oxychloride  of  Chloride  of  ettgr- 

phoaphorus.  phoaphoras.  lideoe. 

The  chlorinated  bodies  thus  produced  have  the  same  composition  as 
the  dichlorhydric  ethers  of  glycols  and  as  the  monochlorinated  hydro- 
chloric ethers  of  the  alcohols  of  the  same  series : 

((?H*CT)  ((?H*C1«)  (C«H^C1.C1) 

Chloride  of  ethy-  Chloride  of  ethy-  Chlorinated  chloride 

Udene.  lene.  of  ethyl. 

M.  Beilstein  had  stated  that  the  chlorides  derived  from  aldehyds 
were  identical  with  the  chlorinated  hydrochloric  ethers  of  alcohols  of 
the  same  series,  basing  this  opinion  on  experiments  he  had  made  in  the 
acetic  and  benzoic  series.  Later,  however,  Fricdel  showed  that  such 
identity  did  not  exist  in  the  valeric  series ;  and  still  later  I  have 
demonstrated  that — contrary  to  the  views  of  M.  Beilstein — it  does  not 
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exist  in  the  l^enzoic  series.  If,  therefore,  chlorinated  chloride  of  ethyl 
and  chloride  of  ethylidene  are  identical,  which  is  douhtful,  it  is  an 
isolated  fact  which  does  not  appear  in  the  other  series.  The  bodies  of 
the  three  classes  above  mentioned  shoiild  be  considered  as  isomers. 

6th.  Hydrosulphuri(i  acid  exchanges  its  sulphur  for  the  oxygen  of 
aldehyds,  and  sulphuretted  aldehyds  are  produced.  Sometimes  these 
bodies  remain  combined  with  an  excess  of  hydrosulphuric  acid,  but  on 
submitting  tliese  compounds  to  the  action  of  sulphuric  or  hydrochloric 
acid,  the  sulphuretted  aldehyd  is  isolated  from  the  sulphuretted 
hydrogen  which  is  set  free.  This  latter  phenomenon  is  observed  in 
the  case  of  acetic  aldehyd  : 

(C'H'O)     +    (h}s)     =     (CH'S)     +    (H»0) 

Benzoic  aldehjd.  Salpharetted  8alphar«tted  Water. 

hydrogen.  benxolc  aldehyd. 

6th.  When  chlorine  or  bromine  acts  on  an  aldehyd,  phenomena  of 
substitution  arise.  The  monochlorinated  or  monobrominated  product 
is  identical  with  the  chloride  or  bromide  of  the  radicle  of  the  acid 
corresponding  to  the  aldehyd,  and  the  ultimate  products  of  substitution 
are  the  same  as  the  products  of  substitution  of  these  same  chlorides  or 
bromides : 

((mx>)  +   g}    =   (g))  +  (cH-o.ci) 

Acetic  alddiyd.  Chlorine.  Hydrochloric  Chloride  of  aoetyL 

add. 

(C*H*0)    +    2(g[)     =     2(g|)    +    (CEKIO.CI) 

Acetic  aldehyd.  GhloTlne.  Hydrodilorlo  Chlorinated  chloride 

add.  of  acetyl. 

Wurtz  has  shown  that  the  trichlorinated  products  of  substitution  of 
aldehyds  are  isomeric,  and  not  identical,  as  has  been  hitherto  admitted 
with  the  bodies  obtained  by  the  action  of  chlorine  on  absolute  alcohols 
(chloral,  chloramylal,  etc.). 

7th.  All  the  aldehyds  enter  into  double  decomposition  with  the  acid 
sulphites  of  the  alkalies : 


(CTa^O)    + 


(S<.f^)     =     (SCKJ^^I:)    +     H|o 


Acetic  aldehyd.         Add  sulphite  of  eodlnnL  Bisulphite  of  acetyl-  Water. 

sodium. 

The  compounds  thus  formed  are  crystallized,  and  dissolve  in  water. 
This  reaction,  discovered  by  Bertagnini,  is  utilized  for  the  separation 
of  aldehyds  from  bodies  with  which  they  are  often  mixed  ;  and  moreover 
it  is  so  general  that  it  may  be  used  to  find  out  whether  a  body  is  an 
aldehyd  or  not. 
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Sill.  Aniline  combines  with  aldehyds,  eliminating  water  and  givuo^ 
diamines  isomeric  with  those  derived  from  glycol : 

Acetic  aldehyd.  Aniline.  Dtphenyllc  dlelhylldene-  W«ter. 

Diphenylio  ethylidene-diamine  is  isomeric  with  diphenjlic  ethylene- 
diamine. 

The  reaction  of  aniline  with  the  aldehyds  is  so  general,  according  to 
M.  Schiff,  that  it  may  be  used  quite  as  well  as  the  action  of  the  acid 
sulphite  of  sodium,  to  determine  whether  a  body  acts  as  an  aldehyd 
or  not. 

9th.  Alkaline  metals  dissolve  in  aldehyds,  disengaging  a  quantity  of 
hydrogen  equivalent  to  that  of  the  metal  dissolved : 

2(C*H*0)    +     1}     =     nf     "*■     2(0*^X0) 

Aldebyd.  Fotauiam.       Hydrogen.  PotaariC'Aldebyd 

(■oetyllde  of  poteiwinm). 

loth.  The  simultaneous  action  of  water,  hydrocyanic  and  hydro- 
chloric acids,  on  an  aldehyd,  gives  rise  to  the  formation  of  a  mono- 
basic biatomic  acid  of  a  higher  series,  or  t-o  the  formation  of  an  amide  of 
the  same  acid.  In  the  series  of  the  fatty  acids  it  is  amides  which  are 
formed,  while  in  the  aromatic  series,  acids  arise  : 

(CHH))    +    (CNH)    +     (H«0)     =     (C'H^NO«  j 

AceUcald^yd.  Hydrocyanic  Water.  Alanine  (lactamldk  • 

add.  add.)  ' 

((TH'O)     +     (CNH)     -f.     2(H«0)     =     (C»H'(NH*)0») 

Benzoic  aldehyd.  Hydrocyanic  Water.  Formobenioate  of 

add.  ammouinm. 

11th.  Aldehyds  are  capable  of  uniting  directly  with  anhydrous 
acetic  acid,  and  probably  with  other  anhydrides  of  monobasic  acids. 
Similar  compounds  are  also  obtained  by  submitting  the  chlorides 
derived  from  aldehyds  by  means  of  pentachloride  of  phosphorus,  to 
the  action  of  acetate  of  silver : 

(C«HK))    +    (g^}0)     ==     (cH^t^C^}  O)) 

Acetic  aldehyd.  Anhydrous  acetic  IMacetIc  Aldehyd. 

add. 

(C^-Cl-)  4-  2(<^)0)  =  2{^})  +  (0™(gS(0)) 

Chloro-benxol.  Acetate  of  allver.  Chloride  of  silver.         Dlaoetlc  benzoic  aldehyd. 

These  compounds  are  isomeric  with  the  diacetic  ethers  of  glycols ; 
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they  differ  from  them  in  that,  under  the  influence  of  alkalies,  they 
re-form  an  aldehyd  instead  of  giving  rise  to  a  biatomic  aloohol : 

(cm^ggSjo))  +  .(|}o)  .   .(«^)o) 

Diftoetic  benzoic  aldehyd.  Potash.  Potasaic  acetate. 

+    (h}0)    +    (CH'O) 

Water.  Bexusoic  aldehyd. 

Diaoetic  glycol  Potash.  Potaasic  acetate;  Glycol. 

Properties  peculiar  to  particular  Series. — Aldehyds  are  known  which 
correspond  to  the  fetty  acids,  and  to  the  general  formula  C"H*"0; 
others  which  have  the  general  formula  C"H'"''*0,  and  which  cor- 
respond to  the  acids  C"H*'~*0'.  There  are  also  some  known  which 
have  the  general  formulse  C"H*'*~*0  and  C"H*^"0 ;  the  first  of  these  cor- 
respond to  the  aromatic  acids  C"fl''*~®0',  and  the  second  to  the  acids 
C«H«--i«0*. 

llie  properties  of  the  aldehyds  of  the  first  two  series  are  similar, 
as  are  also  those  of  the  aldehyds  of  the  last  two  series. 

Properties  of  the  Aldehyds  corresponding  to  the  FormulcB  C"H*"0  and 
C"H**"^. — Ist.  When  submitted  to  the  influence  of  an  alcoholic  solu- 
tion of  potash,  these  bodies  become  resinous. 

2nd.  They  combine  directly  with  ammonia,  producing  crystallized 
compounds.  These  represent  the  aldehyd  employed,  one  atom  of 
hydrogen  of  which  is  replaced  by  ammonium : 


(n»H*0)     -I-     (NH»)     =     C«H»(NH*)0 

Aldehvdate  of  ammoD 
(acetyUde  of  ammonium). 


Acetic  aldehyd.  Ammonia.  Aldehydate  of  ammonia 

rlid< 


Treated  with  acids,  these  compounds  give  an  ammoniacal  salt  and  the 
aldehyd. 

3rd.  Nitric  acid  oxidizes  them,  but  does  not  give  products  of  nitrous 
substitution. 

4th.  When  they  are  dissolved  in  absolute  alcohol,  and  a  current  of 
hydrochloric  acid  is  transmitted  through  the  mixture,  this  becomes 
heated,  and  a  compound  is  produced  which  represents  a  direct  combi- 
nation of  the  aldehyd  with  chloride  of  ethyl : 

C^-o)    +    (Tfo)    +    g|    -    i<^-oCS})) 

Acetic  aldehyd.  Aloohol.  HydTOchloric  Ethyl-chlorhydiin  of  the 

acid.  aldetayd. 


+ 


Water. 


668  PRINCIPLES  OF  CHEMKTBY. 

These  ethyl-chlorliydriiis  react  with  the  ethylate  of  sodium,  and  the 
group  (C'H'O)  is  substituted  for  their  chlorine.  Products  result  which 
may  he  regarded  as  combinations  of  an  aldehyd  with  oxide  of  ethyl. 
In  the  series  of  ordinary  aldehyd,  this  combination  has  received  the 
name  of  acetal : 

£Ui7l-dilorhydrin  of  the  Sodic  ethylate.         Chloride  of  AoetaL 

aldehyd.  aodium. 

Bodies  analogous  to  acetal,  when  heated  with  acetic  acid,  fai-nish 
acetate  of  ethyl,  and  the  aldehyd  they  contain  becomes  free : 

[c^-0(gH:}0)]     +     .(C^)O)    .     .(<^}0) 

AcetaL  Acetic  add.  Acetate  of  ethjL 

+    (C'H'O)    +    (|}o) 

Aldehyd.  Water* 

5th.  Acetal  and  analogous  bodies  are  formed,  but  with  difficulty,  by 
the  action  of  ethylate  of  sodium  on  chloride  of  ethylidene,  or  on  bodies 
of  the  same  nature. 

6th.  When  left  alone,  the  aldehyds  of  this  group  have  a  great  ten- 
dency to  become  transformed  into  polymeric  products. 

7th#  Oxychloride  of  carbon  transforms  ordinary  aldehyd  into  a  non- 
oxygenized  chloride,  which  is  used,  as  has  been  already  seen,  in  the 
synthesis  of  cinnamic  acid.  It  is  probable  that  the  other  aldehyds  of 
the  same  group  would  give  analogous  products  under  the  influence 
of  the  same  reagent : 

(CHK))    +    (%})     =     (CO')    +    (COTCl)    +    (gj|) 

Aldehyd.  Chloride  of  Carbonic  Ghloraoetene.  Hydrochloric 

carbonyl.  anhydridei  add. 

8th.  When  an  aldehyd  of  the  series  C*H*"~"0  is  strongly  oxidized, 
besides  the  corresponding  acid  C^H**"*©',  there  is  always  produced  a 
small  quantity  of  a  more  saturated  acid  belonging  to  the  series 
C"H*^*.  Thus,  when  acrolein  (C*H*0)  (acrylic  aldehyd)  is  oxidized, 
there  is  formed,  not  only  acrylic  acid  (C'H^O*),  but  also  acetic  acid 
(CHK)*). 

9th.  When  heated  with  slaked  lime,  these  aldehyds  give  the  calcic 
salt  of  the  corresponding  acid,  along  with  the  alcohol  whence  they  are 
derived.  In  this  case  there  are  also  formed  secondary  products,  which 
have  not  been  well  studied : 

*  ThiB  last  reaction  has  not  been  proved  by  experiment.    We  have  admitted  it  ttom 
analogy  with  what  takes  place  in  the  other  series. 
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4(CH«»0)    +    (^')0«)     =     r^^^'}0*l     +     2(C^'»0) 

YalenL  Hydrate  of  caldum.  YalenUe  of  caldum.  Amylic  aloohoL 

Properties  of  the  dldehyds  hating  the  general  formulm  C'R^^H)  and 
C*H**""0. — Ist.  An  alooholic  solution  of  potadi  does  not  cause  these 
aldehjds  to  become  resinotis,  and  acts  on  tibem  as  slaked  lime  acts  on 
those  of  the  preceding  group,  but  with  greater  clearness : 

2(cm'0)  +  (^)o)   =   (^^k}o)  +  (O'H'O) 

Benaoio  aldefayd.  Potash.  Fotusic  benaoate.  Benaoic  alcoboL 

2nd.  Ammonia,  instead  of  combining  directly  with  these  bodies, 
causes  the  elimination  of  water.  The  reaction  takes  place  between 
three  molecules  of  aldehyd  and  two  of  ammonia.  The  product  formed 
is  called  h  jdramide : 

3iCm'0)    +     2(h|nJ     .     (^«||n«)    +    3(H)  O) 

Benxolc  alddiyd.  Ammonia.  Uydro-benzamide.  Water. 

These  hjdramides,  when  boiled  with  dilute  acids,  become  hydrated, 
and  furnish  an  ammoniacal  salt,  while  the  aldehyd  is  re-formed.  But  if 
they  be  heated  with  an  alkaline  solution,  they  are  transformed  into  an 
isomeric  alkaloid  which  no  longer  reproduces  the  aldehyd  in  becoming 
hydrated. 

3rd.  With  these  aldehyds  monohydrated  nitric  acid  gives  products 
of  nitrous  substitution : 

(CH«0)    +    (^h}^)     =     (?)o)    +    (C^(NO')O) 

Bensoic  aldehyd.  Nitric  acU.  Water.  MouonitratAd  benzoic 

aldehyd. 

4th.  When  left  to  themselves  these  aldehyds  do  not  become  con- 
densed ;  but  it  has  been  observed  that  benzoic  aldehyd,  mixed  with 
hydrocyanic  acid,  is  transformed,  under  the  influence  of  alcoholic 
solution  of  potash,  into  a  crystallized  product,  benzoin,  which  is 
benzoic  aldehyd  doubled : 

2  (CTH-O)     =     (C"H"0») 

Bemoic  aldehyd.  Beatoia. 

Benzoin  heated  to  redness  returns  to  the  state  of  benzoic  aldehyd ; 
if  it  be  submitted  to  oxidizing  influences,  it  gives  benzilio  acid 
(C'*ff*0»). 

Probably  similar  reactions  might  be  obtained  with  the  other  alde- 
hyds of  the  same  group. 

5th.  I  have  ascertained  that  the  simultaneous  action  of  hydrochloric 
acid  and  absolute  alcohol  on  benzoic  aldehyd  does  not  cause  the  for- 
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mation  of  an  ethyl-cblorhydrin.  It  is  true  that  by  treating  bichlori- 
nated  toluene  with  alcoholic  solution  of  potash,  a  compound  is  obtained 
which  possesses  the  composition  of  benzoic  ethyl-chlorhydrin  : 

«.H^.,    +    (O-JJ-IO)    +    (5[0)     .    (g}0)    +    il]) 

Blchloriiiated  AlcohoL  FbtMli.  Water.  Cblorideof 

toluene.  poUsdimi 

Oxide  of  ethyl  and 
^LorobenkyL 

But  this  body  represents  the  mixed  monochlorinated  ethyl-benzilic 
oxide,  and  is  not  analogous  to  the  ethyl-chlorhydrin  obtained  with 
acetic  aldehyd ;  in  fact,  it  is  not  transformed  by  the  ethylate  of  sodium 
into  a  product  analogous  to  acetal ;  the  chlorine  it  contains  is  in  the 
principal  chain. 

6th.  However,  a  body  analogous  to  acetal  is  obtained  in  the  benzoic 
series  by  submitting  chloro-benzol  to  the  action  of  ethylate  of  sodium : 

ChloTQ-beiuoL  Ethylate  of  aodiom.  Sodic  chloride.  Beinoic  aoKaL 

7th.  This  acetal  is  transformed  into  benzoic  aldehyd  and  acetate  of 
ethyl,  when  heated  to  100^  with  crystallizable  acetic  acid,  as  is  shown 
by  M.  Cannizzaro*8  experiments. 

8th.  Aldehyds  of  the  series  C*H**""*°0  give,  on  being  oxidized,  not 
only  the  corresponding  acid  C"H*""^°0*,  but  also  a  certain  quantity  of 
an  acid  of  the  series  C"H**~*C)*.  Thus  cinnamic  aldehyd  (CHHD)  gives 
not  only  cinnamic  acid  (C*H®0"),  but  also  benzoic  acid  (CH'O*). 

9th.  It  is  not  known  whether  oxychloride  of  carbon  reacts  on  the 
aldehyds  of  this  group. 


RATIOl^AIi  FOBMUIiiE   AND   COia^STITTTTION   OF  THS 


Aldehyds  appear  to  have  the  same  constitution  as  the  acids  which 
correspond  to  them,  with  the  slight  difference  that  the  hydroxyl  of 
these  latter  is  replaced  in  the  aldehyds  by  h^  drogen.  Thus  (EOH) 
being  a  monatomio  acid,  (BH)  would  be  the  corresponding  aldehyd. 

By  taking  this  view  of  the  constitution  of  aldehyds,  we  are  able  to 
assign  them  formulae  which  account  for  their  principal  reactions,  and 
explain  in  what  they  are  distinguished  from  their  numerous  isomers. 

Without  speaking  of  the  isomerism  of  the  aldeh3'ds  with  acetone, 
which  will  be  mentioned  presently,  every  aldehyd  is  isomeric :  1st, 
with  the  anhydride  of  the  glycol  of  the  same  series;  2nd,  with  the 
alcohol,  either  saturated  or  not,  isologous  with  that  whence  the  aldehyd 
is  derived. 
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In  order  that  tbia  may  be  clearly  understood,  let  jib  take  acetic 
aldebyd  (C*H*0)  as  example.  Tbis  body  is  isomeric  witb  oxide  of 
ethylene  and  witb  acetylic  alcbol : 

(C»H*0)  (CH^O)  ((?H*0) 

Aldehyd.  OzMo  of  ethylene.  Aoetylic  aloohoL 

How  can  tbe  difference  which  exists  between  these  three  bodies  be 
acconnted  for,  considering  their  composition  ? 

Let  us  first  consider  the  anhydride  of  glycol.  This  body  is  evidently 
derived  from  glycol 


by  elimination  of  H*0.  Moreover,  if  we  consider  that  oxide  of  ethylene 
does  not  contain  any  typical  hydrogen,  while  glycol  contains  two  atoms, 
we  shall  be  led  to  admit  that  the  water  eliminated  contains  these  two 
atoms  of  typical  hydr(^en  of  the  glycol,  combined  with  one  of  its  two 
atoms  of  oxygen,  and  the  molecule  thus  truncated  must  necessarily 
take  the  form : 

C  JL      Osa 

(i    i    i    D®  ®az±:) 

fil    ®®Cl     l,,l-JL) 
H  ^ 


It  will  be  seen  that  in  such  a  molecule,  there  would  remain  two  affi- 
nities unsaturated,  one  at  a  and  the  other  at  fi.  Now,  as  all  incomplete 
molecules  have  always  a  great  tendency  to  become  saturated,  it  is  very 
probable  that  these  free  affinities  reciprocally  saturate  each  other,  and 
that  according  to  M.  K^kul^'s  happy  expression,  the  chain  closes :  this 
is  what  is  indicated  by  the  marks  placed  at  a  and  p, 

Aldehyd,  instead  of  being  derived  from  glycol  by  dehydration,  is 
derived  from  alcohol  by  dehydrogenation,  or  from  acetic  acid  by  deox- 
idation. 


The  molecule  of  alcohol  beiug  : 


H 
oH 


0 
CI     I     i     O®  (!) 
®  ®  ®aZ3ZjCZD 

c 


:io 


how  can  the  aldehyd  be  formed  ? 
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A  priori^  two  bypotheses  are  possible  :  eitber  witboat  cbanging  tbe 
system,  tbe  alcobol  loses  H*  at  a  or  )8 ;  or  two  atoms  of  bydrogen  being 
removed,  tbe  oxygen  wbich  was  at  first  only  united  to  tbe  carbon  by 
one  of  its  atomicities,  combines  witb  it  by  botb,  and  tbe  last  free 
atomicity  of  tbe  carbon  is  saturated  by  bydrogen  wbicb  was  previously 
typical. 

Tbe  following  figures  explain  tbe  constitution  of  aldebyd  according 
to  eacb  of  tbese  bypotbeses : 


0  H  ,_5_  C ^ 

(!)  0  (tXX'i     ■     t^ff^  (D  ®  0QZ  *     i     O 

azTzrzD  •    •  cniD  anciiZD  ®  ano 

0  O  C         H     O 

Fint  taypothetia.  Second  hjrpottkesis. 

In  tbe  first,  one  atom  of  bydrogen  would  be  united  by  means  of  tbe 
oxygen,  and  tbe  molecule  would  not  be  saturated ;  in  tbe  second,  all 
tbe  atoms  of  bydrogen  would  be  united  directly  to  tbe  carbon,  and  tbe 
molecule  would  be  satui-ated. 

If,  tberefore,  tbe  first  bypotbesis  were  true,  tbe  action  of  pentacbloride 
of  pbosphorus  sbould  detacb  an  atom  of  bydrogen  from  tbe  aldebyd ; 
if,  on  tbe  contraiy,  tbe  second  bypotbesis  were  correct,  tbis  reagent 
sbould  simply  cause  tbe  substitution  of  CP  for  0,  witbout  any  division 
in  tbe  molecule  being  produced. 

Experience  baving  sbown  t bat  tbe  second  alternative  is  wbat  occurs, 
tbe  first  bypotbesis  must  be  rejected,  and  tbe  second  alone  remains 
probable. 

Tbe  same  result  is  also  arrived  at  wben  we  examine  in  wbat  way 
tbe  aldebyds  are  derived  from  tbeir  respective  acids. 

For  instance,  let  it  be  acetic  acid : 

C  0        0 

^-g-  C         H 


If  tbis  body  be  treated  by  pentacbloride  of  pbospborus,  tbe  hydroxyl 
is  detacbed  and  cblorine  substituted;  tbus  cbloride  of  acetyl  is 
obtained : 

0  O     CI 

(D  ®  mci     i     i  "Ti       =      C'H'OCl 

Tbus  tbe  cbloride  of  acetyl  wben  treated  by  nascent  bydit)gen  ex- 
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changes  its  chlorine  for  hydrogen  and  fumiphes  aldehyd,*  the  molecule 
of  which  should  consequently  have  the  following  form  : 

0  O     H 

c  i     I     I     I  )C1IZD  ® 
®  ®  (D  ci    I    *    t:) 


^— V- 


H 


C 


c 


Guided  by  considerations  of  the  atomic  volumes — a  subject  which 
will  be  treated  at  the  end  of  this  work — ^M.  Kopp  considers  that 
the  oxygen  of  aldehyd  is  oxygen  of  substitution,  that  is  to  say,  the 
oxygen  united  to  the  carbon  by  its  two  centres  of  attraction.  This 
supports  our  manner  of  regarding  aldehyd. 

According  to  these  views,  the  written  formula  of  aldehyd  would  be 

0  •    This  foimula  clearly  distinguishes  it  from  its  two  isomers ;  it 
IH 

shows  that  in  aldehyd  the  oxygen  is  united  to  a  single  atom  of  carbon, 
while  in  oxide  of  ethylene,  it  must  be  admitted,  as  has  just  been 
seen,  that  it  is  united  to  two  atoms  of  this  metalloid ;  and  it  also 
shows  that  aldehyd  does  not  contain  hydroxyl,  while  acetylic  alcohol, 
in  virtue  of  its  being  an  alcohol,  must  necessarily  contain  one  mole- 
cule. The  molecules  of  aldehyd,  oxide  of  ethylene  and  acetylic  alcohol 
would,  according  to  this,  be  composed  in  the  manner  represented 
in  the  foUowing  diagrams  : 

C  O     H  C  ^ 


(DOUD 


CI      I      i      lyT — D(i)  (■      I      i      1^0) 

®  ®  (D  CI     I     I     i )  ^   0  (D  CI     I     I     n 


Aldehyd.  Oxide  of  ethylene. 

C         H     0 
c  I    I    czD  0  (1 — n 
®  ®  cmniiiD® 

-r     c    H 

Acetylic  Alcohul. 

Lieben,  who  first  proposed  the  formulse  we  have  adopted  to  explain 
the  iiK)meri6m  of  aldehyd  and  oxide  of  ethylene,  has  reviewed  the 
different  reactions  of  aldehyd,  and  has  shown  that  they  may  be  readily 

-understood  with  the  formula  p<  H  :  his  work  being  of  great  import- 

lo 

ance,  we  will  adopt  his  view. 

*  The  experiment  has  not  been  tried  in  the  acetic  series,  but  it  has  sncceeded  in  the 
benzoic,  in  which  M.  Lippenuinn  has  by  this  means  transfonned  the  chloride  of  benzoyl 
into  oil  of  bitter  almonds. 

2  X 
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This  formula  accounts  for — 1st,  the  reaction  of  the  pentachloride  of 
phosphorus  on  aldehyd : 

W 
HI    +     (PCP)      =     In^Hl    +     (PC1»0) 


Aldehyd. 


Pentachloride  of 
phosphor  as. 


Chloride  of 
ethyUdene. 


Oxycfaloride 
of  phosphoriuu 


2nd.  For  the  action  exercised  hy  aldehyd  on  phenylamine,  in  which 
action  the  radicle  ethylidene  (C*H*")  is  substituted  for  H* : 


(CH»)» 


+     2 


(S}°) 


Aldehyd. 


Phenyluntne. 


Dipbenyltc  dlethyUdene 
df&mfne. 


Water. 


3rd.  For  the  direct  combination  of  aldehyd  with  anhydrous  acids 
and  for  its  indirect  oombination  with  ethers  proper  : 

''H 

H 

/C«H«0]o\  in    H 


Aldehyd. 


Acetic  anhydride. 


H 

oc»n»o 

i^OC*H»Oj 

AcetaL 


In  this  reaction,  the  atom  of  oxygen  which  saturated  two  centres  of 
attraction  of  the  carbon  leaves  one  which  unites  with  the  typical  oxygen 
of  the  acetic  anhydride,  and  each  of  the  two  atoms  of  oxygen  again 
unites  with  a  molecule  of  acetyl  by  its  centre  of  attraction  left  free. 
The  isomerism  of  acetal  and  diacetic  glycol  is  thus  easily  explained,  as, 
in  this  latter  body,  the  two  atoms  of  oxacetyl  are  united  to  two  diiferent 
atoms  of  carbon,  while  in  acetal  they  are  united  to  one  and  the  same 
atom  of  this  metalloid,  as  the  following  formulsd  show: 


CJH* \ 

^OC^H'O' 


Diacetic  glyooL 


H 
H 
H 


H 

OC'IPO 

OC*H»0' 

AcetaL 


4th.  For  the  transfoimation  of  aldehyd  into  alcohol,  by  means  of 
nascent  hydrogen : 


V 
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(olf)  ^  -  '  (€) 

Aldebyd.  Hydrogen.  AkohoL 

Here,  as  in  the  preceding  case,  the  atom  of  oxygen  leaves  one  of  the 
centres  of  attraction  of  the  carbon;  there  results  a  free  affinity  of 
carbon  and  a  free  affinity  of  oxygen ;  these  are  saturated  by  two  atoms 
of  hydrogen. 

5th.  For  the  reaction  of  aldehyd  with  acid  sulphites  of  the  alkalies  : 

(?{D    +    (B0"{8S")     -    (i}0)    +    («^j(g{?)') 

Aldehyd.  Add  aalpbite  of  aodinm.  Water.  Add  sulphite  of  acetyl^odinm. 

6th.  For  the  transformation  of  aldehyd  into  acetic  acid  by  direct 
oxidation : 

Aldebyd.  Oxygen.  Acetic  acid. 

The  reaction  consists  in  the  substitution  of  the  halogen  residue  of 
water  (OH)  for  hydrogen  (H). 

7th.  For  the  transformation  of  aldehyd  into  acetate  of  potassium, 
with  disengagement  of  hydrogen,  when  fused  with  potash : 

Aldehyd.  Potash.  Potaasic  acetate.  Hydrogra. 

This  reaction  is  only  a  double  decomposition  in  which  the  residue 
OK  of  the  potassic  hydrate  is  substituted  for  the  hydiogen  of  the 
aldehyd. 

8th.  For  the  action  exercised  by  hydrosulphuric  acid  on  aldehyd  : 

(?{f)  +  m  -  (?{f)  +  (gh) 

Aldebyd.  Hydrosnlphnrlc  Sulphide  of  Water. 

acid.  etbylidene. 

9th.  For  the  substitution  of  alkaline  metals  for  the  hydrogen  of 
aldehyd : 

Aldehyd.  Potaadnm.  PoUaric  aldebyd.  Hydrogen. 

2x2 
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10th.  For  the  reaction  of  oxychloride  of  carbon  on  aldehyd : 

(gjl")    +    (C0"{g)    =     (00-0)    +    1}    +    (g|^ 

Aldehyd.  Oxychloride  of  Carbonfe  Hydrodiloric         ChtocKeteoe. 

carbon.  aubydride.  add. 

The  cbloracetene  produced  is  a  non-saturated  body  ;  its  form  is  the 
same  as  that  free  ethylidene  would  have,  if  it  existed.  M.  Lieben, 
cousideriug  that  ethylidene  represents  methylene  CH*,  of  which  H  is 
replaced  by  GH",  deduced  from  this  resemblance  an  additional  proof  in 
favour  of  the  formula  he  adopted  for  aldehyd :  he  attributed  the  non- 
oristence  of  free  ethylidene  to  the  same  unknown  cause  which  prevents 
methylene  from  existing.  This  reasoning  is  fallacious,  because  cblor- 
acetene exists,  and  has  the  same  constitution  as  ethylidene ;  unless, 
indeed,  chlorine  is  trivalent  in  cbloracetene. 

However  it  may  be  with  the  argument  taken  by  M.  Lieben  from  the 
non-existence  of  ethylidene,  nothing  conclusive  has  been  advanced 
against  the  formula  proposed  by  him  for  aldehyd,  which,  as  we  have 
just  seen,  admirably  accounts  for  everything  we  know  concerning  tlus 
body. 

Moreover,  the  formula  of  cbloracetene  itself  (  ^  'I  PI  )    is    founded 


m^ 


on  the  action  exercised  by  this  body  on  potassic  benzoate,  in  which 
oiunamic  acid  is  formed. 

The  analogies  of  cinnamio  with  acrylic  acid,  the  constitution  of 
which  Mr.  Frankland  has  recently  established  with  so  much  deamess, 
prove  that  the  first  of  these  acids  corresponds  to  the  formula : 

^W'  ^^^   ^  \    or  to  the  formula    (  y,m 

Etbylene-benioic  add.  Toluene-aoetlc  acid. 

Now,  with  the  first  of  these  formul®  the  synthetical  production  of 
cinnamic  acid  is  well  explained,  on  condition  that  the  formula  we  pro- 
pose for  cbloracetene  be  also  admitted.     We  have : 


(e  {")  -  (?4) 


+ 


/ 
^1 


ITT 

LOH 


PMassic  bensoate.  CLlornoetene.         Chloride  of  Cinnamic  acid. 

potassium. 
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Enmneratioii  of  the  known  Aldehyde  of  this  group.— We  know : 
1st.  In  the  senes  of  fatty  cusids  : 

Acetic  aldehyd C«H*0 

Propionic  aldehyd C'H^O 

Butyric  aldehyd C*H«0 

Valeric  aldehyd,  or  valeral C*H**0 

Caproic  aldehyd C'ff 'O 

CEnanthylic  aldehyd,  or  oBnanthol C'H"0 

Caprylic  aldehyd C«ff«0 

which  all  correspond  to  the  general  formula  C^H'^O. 

Formic  aldehyd  CH'O  does  not  exist,  and  as  oil  of  rue  (P"H**0 
does  not  enter  into  double  decomposition  with  aniline,  it  may  be 
questioned  whether  it  is  an  aldehyd. 

2nd.  In  the  aeries  of  adlylic  alcohol  and  its  homologues : 

Only  acrylic  aldehyd,  or  acrolein  C'H*0. 
As  to  the  compound  C^HX),  whose  existence  Gerhardt  thinks  pix>- 
bable  in  the  oil  of  Roman  camomile,  and  which  he  regards  as  an- 
gelic aldehyd,  if  it  does  exist  it  is  not  an  aldehyd,  as  it  does  not 
combine  with  acid  sulphites  of  the  alkalies. 

8rd.  In  the  series  of  benzoic  a^sid  and  its  homologues : 

Benssoic  aldehyd,  or  oil  of  bitter  almonds     ....     C'H^O 
Toluio  aldehyd C^H^O 

Cuminic   aldehyd  (the  oxygenized  part  of  oil  of 

cumin) C'*'H"0 

Sycocerylic  aldehyd 0*'H*^ 

which  all  correspond  to  the  general  formula  0"H*"""*0. 

4th.  In  the  series  of  cinnamic  acid  : 

Cinnamio  aldehyd,  or  oxygenized  oil  of  cinnamon  CH\). 
The  aldehyds  of  the  series  intermediate  between  that  to  which 
acrolein  belongs  and  those  in  which  the  aromatic  aldehyds  are  classed 
are  not  known.  Laurel  camphor  C'^H^'O,  it  is  true,  has  been  con- 
sidered as  the  aldehyd  of  campholic  alcohol  G'^H^,  but  its  properties 
remove  it  from  the  aldehyds :  instead  of  disengaging  hydrogen  under 
the  influence  of  potash  at  a  red  heat,  and  giving  a  salt  of  the  corre- 
sponding acid,  camphor  unites  directly  with  this  alkali,  producing  a 
salt,  the  potassic  campholate,  which  does  not  belong  to  the  same  series 
as  its  generator.  Moreover,  camphor  does  not  unite  either  with 
acid  sulphites  of  the  alkalies  or  with  aniline.  Finally,  under  the  in- 
fluence of  oxidizing  agents,  camphor  absorbs  not  one,  but  three  atoms 
of  oxygen. 
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AIiDBHYDS  DEBIVBD  FBOM  BIATOMIO  ALGOHOI& 

Theoretically,  all  biatomic  alcohols  should  give  rise  to  two  aldelijds, 
one  formed  by  the  elimination  of  H'»  and  the  other  by  the  elimination 
of  H\     In  reality,  very  few  of  these  bodies  are  known. 

Aldehyde  derived  from  Olyools  by  elimination  of  H*.  —  Three 
bodies  of  this  class  are  known.  They  are  :  salicylic  aldehyd  (C'H'O*), 
anisic  aldehyd  (C'H^O"),  and  fnrfurol  (C*H*0*). 

Salicylic  aldehyd  is  a  product  of  the  oiddation  of  saligenin  (7HM)*, 
a  body  isomeric,  but  not  identical  with,  benzoic  glycol,  still  unknown. 

Furfurol  is  produced  by  a  very  complicated  reaction,  when  bran, 
saw-dust,  etc.,  are  distilled  with  dilute  sulphuric  acid,  or  with  a 
solution  of  chloride  of  zinc. 

Anisic  aldehyd  is  formed  in  the  oxidation  of  the  oil  of  aniseed 
(C*"H"0),  according  to  the  equation  : 

(C'*H"0)    +    3  (2 1)     =     (C'H'O*)    +    (C»H?O0    +    (H«0) 


Oil  of  aniseed. 


Oxygen. 


Anisic  aldebyd. 


OzaUcadd. 


Water. 


These  different  aldehyds  can  each  fix  oxygen,  and  give  rise  to  a 
biatomic  and  monobasic  acid  : 


2  (C»H*0')  +      g  } 

FuifaroL  Oxygen. 

2  ('CH'O*) 

Salicylic  aldehyd.  Oxygen. 

2  (  C'HK)')  +      2  ) 

Anlttic  aldehyd.  Oxygen. 


2(^C*HK)») 

PyTomndc  acid. 


+      g|       =       2(C'H«0') 


Salicylic  add. 
Anisic  add. 


Two  of  these  aldehyds,  anisic  and  salicylic,  can  fix  hydrogen  and  be 
converted,  the  first  into  anisic  alcohol,  the  other  into  saligenin  : 


Salicylic  aldehyd. 


Anisic  aldehyd. 


Hydrogen. 


^       H 

HydrogeD. 


1  = 


SdigeDln. 

(C'H"'0») 

Anisic  alooboL 


Fuifurol  has  not  yet  been  submitted  to  the  action  of  nascent 
hydrogen,  but  M.  Machuca  and  I  have  proved  that,  under  the 
infiuonce   of  an   alcoholic  solution   of  potash,  it  becomes   resinous. 
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infitead  of  being  transformed  into  a  oorreeponding  alcohol,  as  anisio 
aldehjd  does. 

We  have  seen  that  anisio  alcohol  is  monomethjlic  paraoxybenzoic 
glycol ;  consequently,  anisic  aldehyd  is  the  paraory benzoic  aldehyd  in 
which  H  is  replaced  by  CH*. 

As  to  salicylic  aldehyd,  it  is  evidently  isomeric  with  oxybenzoio 
and  paraoxybenzoic  aldehyd ;  when  oxidized,  it  gives  salicylic  acid 
which  is  not  identical  either  with  oxybenzoio  or  with  paraoxybenzoic 
acid. 

Furfurol,  salicylic  aldehyd,  and  anisic  aldehyd,  all  combine  with 
ammonia,  after  the  manner  of  the  aromatic  aldehyds  derived  from  mona- 
tomic  alcohols,  that  is  to  say,  three  molecules  of  these  bodies  unite 
with  two  molecules  of  ammonia,  eliminating  three  H'O : 

3(C*HK)»)      +      2(NH»)       =       (C"H»«N«0»)      +      3(IP0) 

Farforol.  Ammonia.  Fnrftiramide.  Water. 

The  ammoniacal  derivati,ves  of  anisic  aldehyd  and  of  furfurol  may  be 
converted  into  alkaloids,  anisine  and  furfurine,  which  are  isomeric 
with  them.  Anisine  is  produced  when  the  ammoniacal  derivative  of 
anisic  aldehyd  is  heated  to  165^,  and  furfarine  when  furfuramide  is  sub- 
mitted to  the  action  of  an  alkaline  solution.  The  ammoniacal  deriva- 
tive of  salicylic  aldehyd  in  no  case  undergoes  such  a  transformation. 

Salicylic  aldehyd  undergoes  double  decomposition  with  bases  after 
the  manner  of  acids,  and  gives  salts  called  salicylites : 

(^CTH'O*)      +      (|}o)       =       (C^H*K0«)      H-    (h}  ^) 

SaUcyUc  aldehyd.  Potash.  FMasBlo  salicjltte.  Water. 

Anisic  and  salicylic  aldehyds  enter  into  double  decomposition  with 
the  acid  sulphites  of  the  alkalies  and  produce,  like  the  aldehyds  of 
monatomic  alcohols,  crystallizable  compounds  which  represent  the 
acid  sulphites  the  hydroxyl  of  which  is  replaced  by  the  monatomic 

residues  (         Hf^/^'^V         Hl^)  ^^^'^^^^  ^™  salicylic  or  anisic 
aldehyds  by  the  subtraction  of  H  : 

SaUcyUc  aldehyd.  Add  sulphite  of  potaMlmn.  Acid  siilphito  of  flalicyUpotasxlum. 


+  (51 0) 


Water. 


The  action  of  bisnlphites  on  furfurol  has  not  yet  been  tried. 

lliese  aldehyds  may  be  re-formed  from  their  sulphurous  combinap- 


680  PRINCIPLES  OP  CHEMISTRY. 

tioDS  bj  heating  these  latter  with  water  and  an  alkaline  carbonate. 
One  of  them,  the  anisic,  has  been  reprodnced  by  the  dry  diBtiUation  of 
an  intimate  mixture  of  anisate  and  formiate  of  lime. 

As  to  the  constitntion  of  the8e  aldehyds,  they  should  be  considered 
as  derived  from  the  corresponding  acids  by  the  subetitntion  of  H 
for  OH : 


(^S»       -      (OH)      +        H        =      ((       h} 

SalicfUo  acid.  Hydroxyl.  HTdrogen.  Salicylic  alddijl 

Aldehyds  derived  tcom  Olyeols  by  elimination  of  H^. — ^While  the 
preceding  aldehyds  combine  with  0,  fnmishing  biatomic  and  mono- 
basio  acids,  these  unite  with  O'  and  famish  biatomic  and  bibasic 
acids : 

(cw)  +  8!  -  (%}<y) 

2nd  aldehTd  Oxygen.  Oxalic  acid. 

ofi^yooL 

These  aldehyds  can  combine  with  ammonia  with  elimination  of 
water,  and  in  this  case  a  tertiary  amide  is  produced : 

siCEsy)    +    4(NH')     =     e^gjo)    +     [ch^Inm 

2nd  aldehyd  of  Ammonia.  Water.  Glycoalo& 

glycol. 

As  yet,  only  a  single  aldehyd  of  this  group  is  known,  that  of  ordi- 
nary glycol,  which  is  called  glyoxal,  and  the  formula  of  which  is 
(C*H"0*) ;  and  this  has  not  been  prepared  from  glycol,  but  from 
alcohol.  It  is  only  by  examining  its  properties  that  its  true  nature 
has  been  established. 

With  regard  to  their  constitution,  it  is  probable  that  the  aldehyds  of 
this  group  are  derived  from  their  respective  acids,  like  the  preceding 
ones,  by  the  substitution  of  H  for  OH.  But  in  their  case,  the  substi- 
tution would  take  place  twice  instead  of  once : 


2(0H)      +      2H       =      \^\ 

Ioh' 

Oxalic  add  Glyoxal. 
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ACETOITESa. 

Preparation. — First  Process. — These  bodies  may  be  prepared  by  the 
dry  distillation  of  the  calcio  salts  of  luonatomic  acids: 

V^*  tO(COCH»V      -      VC!»"f"^      +    I,     cw}) 

Acetate  of  caldum.  Calcic  carbonate.  Acetone. 

Second  Process. — According  to  MM.  Frennd  and  Pebal,  acetones 
may  also  be  obtained  by  causing  zinc-ethyl  or  zinc -methyl  to  act  on 
the  chlorides  of  acid  radicles  : 

Zlnc-metbyL  Chloride  of  aoetyL  Acetone.  Chloride  of  sina 

Third  Process. — M.  Friedel  has  recently  succeeded  in  preparing  ace- 
tone by  causing  chloracetene  to  react  with  methylate  of  sodium : 

(c{5;.)  +  (g{l)  =  m  +  (§{p) 

Metbylateof  Ghloraoetene.  Chloride  of  Acetone, 

sodium.  sodium. 

On  substituting  the  formulse  of  the  homolognes  of  the  acetate  of  cal- 
cium for  that  of  this  acetate,  in  the  equation  given  to  explain  the  for- 
mation of  acetone,  it  will  be  found  that 

the  acids  giye  the  acetones 

(?H*0« C»H«0 

C»H«0* C^H^^O 

CWO" C'H^*0 

(?W(y C'H»«0 

It  will  be  seen  from  this  that  two  consecutive  acetones  differ,  not 
by  (CH^),  like  two  adjoining  terms  of  a  homologous  series,  but  by 
2(CH').  There  ought  therefore  to  exist  an  intermediate  acetone 
between  each  two  consecntive  acetones:  thus,  between  the  acetone 
(OH'O)  and  propionic  acetone  (C*H*°0)  there  should  exist  another, 
answering  to  the  formula  (C^HK))  ;  such  bodies  are  called  mixed  ace- 
tones. They  are  obtained  by  distilling  an  intimate  mixture  of  the 
calcic  salts  of  two  consecutive  acids : 

Acetate  of  caldum.  PropioDaie  of  «^i<^"™  Garbooate  of  caldum. 

4-     2(C*H«0) 

Aceto-propyllc  acetone. 
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Similar  acetones  may  also  be  prepared  by  MM.  Freund  and 
Pebal's  process : 

.(<^|)  +  (z.~{^)   =    (z...jg)  +    .(^[) 

Chloride  of  acetyl  Zhno-efhjl.  Chloride  of  sine.  AoeCo-propylic  aoetane. 

Probably  they  could  also  be  obtained  by  Frieders  process,  if  chlor- 
acetene  were  made  to  act,  not  on  the  methylate,  but  on  the  ethylate  or 
amylate  of  sodium : 


(O  +  W)  -  (C) «'  ''•'^^  +  ("!) 


Sodlc  eth jlate.  Cbloracetcne.  Aceto*propyUc  Acetone.  Chloride 

of  sodium. 

Properties. — Though  a  certain  number  of  acetones  are  known,  yet 
only  the  properties  of  acetone  proper  have  been  much  studied.  We  will 
therefore  speak  of  these;  probably  they  also  appertain  to  the  other 
bodies  of  the  same  class. 

1st.  Oxidizing  agents  do  not  fix  oxygen  on  acetone ;  which  property 
clearly  distinguishes  it  from  the  aldehyds. 

2nd.  Nascent  hydrogen  transforms  acetone  into  a  compound  which. 
contains  two  additional  atoms  of  hydrogen  : 


(C^H'O) 

+ 

H» 

((?H'0) 

Aoftone. 

Hydrogen. 

IiopropyUo 
alcohoL 

This  new  body  is  not,  however,  identical  with  the  alcobol  posseting 
the  same  composition.  In  reality,  the  alcohols  give  aldehyds  on 
oxidation,  while  the  body  in  question  reproduces  the  original  acetone. 

We  have  already  seen,  when  speaking  of  alcohols,  that  i6oprop\'lic 
alcohol  is  a  secondary  alcohol,  that  is  to  say,  an  alcohol  formed  by 
an  atom  of  carbon,  one  atomicity  of  which  being  united  to  an  hy. 
droxyl  and  another  to  hydrogen,  the  two  remaining  are  joined  to  the 
other  carbons,  as  the  following  equation  shows : 


m  -  =( 


Acetone.  Hydrogen.  IsonropyUc 

alcohol. 

At  the  same  time  as  the  acetone  fixes  hydrogen,  a  portion  of  it  is 
doubled,  altso  being  hydrogenized,  and  is  transformed  into  a  compound 
which  perhaps  acts  as  a  biatomic  alcohol,  pinakone  : 

2(cnro)      4-      H»      =      (CTa^o*) 

Acetone.  Hydrogen.  finakonc. 
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3rd.  Under  the  simnltaneous  action  of  h^'drooyanio  acid,  water,  and 
hydrochloric  acid,  acetone  is  transformed  into  an  acid  which  is  isomeric 
or  identical  with  oxybutyric  acid  : 

(C»H«0)  +  (CNH)  +  2(H«0)  +  (HCl)  =  (C^H^C)  +  (NH*C1) 

Acetone.  Hydrocyaolo  Water.  Hydrochloric  Aoetonic  Chloride  of 

acid.  acid.  add.  ammonium. 

4th.  Heated  to  100°  with  ammonia,  acetone  combines  with  this  body, 
water  being  eliminated,  and  a  base  is  produced,  acetonine,  which  is  to 
acetone  what  amarine  (an  isomer  of  hydrobenzamide)  is  to  benzoic 
aldehyd : 

3(C'H«0)    +    2(NH»)     =     (C»H«"InM    +    3(HK)) 

Acetone.  Ammonia.  Acetonine.  Water. 

5th.  Aniline  does  not  combine  with  acetone,  a  property  distinguish- 
ing this  body  from  the  aldehyds. 

6th.  Tlie  acid  sulphite  of  sodium  acts  with  acetone  as  with  the 
aldehyds :  crystallizable  compounds,  soluble  in  water,  are  produced : 

(CR'O)    +    (sO"|gH)     =     (S0"{g^'0^)    ^    ^|o) 

Acetone.  Acid  snlphite  of  sodium.  Add  gulphite  containing  Water. 

the  elements  of  acetone. 

These  compounds,  treated  by  alkalies,  give  a  neutral  sulphite  and  the 
acetone  again  becomes  free  : 

Add  sulphite  containing  Soda.  Neutral  sulphite  of  Acetone, 

the  elenients  of  acetone.  sodium. 

7th.  Dehydrating  agents  cause  acetone  to  lose  a  molecule  of  water. 
The  carbide  of  hydrogen  (C'll*)  ought  to  be  thereby  produced,  but  it 
is  a  polymer  of  this  hydrocarbide,  mesitylene  ((?H")  =  3(CPH*),  which 
is  really  obtained. 

8th.  Chlorine  and  bromine  give  substitution-products  with  acetone. 

9th.  The  pentachloride  of  phosphorus  yields  two  atoms  of  chlorine  to 
acetone  in  exchange  for  its  atom  of  oxygen.  A  chlorinated  body  is 
thereby  produced  which  corresponds  to  the  formula  (CH'Cl*) : 

(CH'O")    +     (PCP)     =:     (PC1»0)    -f    (CH'CP) 

Acetone.  Pentadiloride  OxTchloride  Chloride  derived 

of  phosphorus.  of  phosphorus.  ftvm  acetone. 

This  chloride  is  isomeric  with  the  chloride  of  propylene,  from  which 
it  diffei-B  by  its  boiling  point ;  but  treated  by  an  alcoholic  solution  of 
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potash,  it  gives  rise  to  chlorinated  propylene  perfectly  identical  with 
that  derived  from  propylene : 

(CH^»)   -I-   (|}o)    =    g,}    +    (g}o)   +    (CHXa) 


Chloride  derired 
frum  aoetoiM. 


Pbtuh. 


Cbloride 
oftotiiMiam. 


Wat?r. 


ChloriDated 
px)pjleae. 


When  hydrochloric  acid  acts  on  acetone,  a  hody  is  produced  which 
also  corresponds  to  the  formida  (C'H*C1).  This  is  called  chloride  of 
xnesityl,  and  appears  to  be  a  simple  isomer  of  the  preceding :  when 
treated  with  an  alcoholic  solution  of  potash,  it  is  transformed  into  oxide 
of  mesityl  (CH'^O) : 


2(C»H»a)  +  2(^  }  O)   =   2(gi[) 


/C»H* 


:| «)  -  (SI  o) 


Chloride  of  medtyL 


PoUMh. 


Chloride  of 
poUninm. 


Oxide  of  mesltyL 


Waler. 


M.  Friedel's  chloride  in  this  case  loses  (HCl)  and  gives  allylene : 


(C*H*C1) 

Chlorinated 
pn^lene. 


(HCl)        + 


Hydrochloric 
acid. 


(CH*) 

Allylene. 


10.  When  acetone  in  vapour  is  transmitted  over  potassium,  there  is 
formed,  according^to  the  temperature,  either  carbonate  of  potassiuni  and 
marsh  gas,  or  acetate  and  formiate  of  potassium,  with  hydrogen : 

(C0"jg^    +     2(K0-H)     =     (cO"{ol)     +    2(CH*) 


Acetone. 


FCtaah. 


Potaaaic  carhonate. 


Hydride  of 
methyl  (mazah  gaa). 


(C^^)      +      2(1)0)      +      (Hfo)       =       C^JO) 


Aoetoue. 


Potaah. 


-H 


Potaaaic  fonnlale. 


Water. 


+ 


Potatfio  aioetate. 


Hydrogen. 


.  Constitution. — Acetones  are  isomeric  with  the  aldehyds  of  a  higher 
series  than  their  own,  and  with  certain  alcohols.  Ordinary  acetone 
(C'ffO)  has  the  same  composition  as  propionic  aldehyd  and  allylic 
alcohol,  but  its  mode  of  formation  well  explains  its  isomerism  with  these 
bodies.  In  reality  the  acetones  are  only  aldehyds  less  carburetted  than 
those  of  which  they  are  isomers,  and  in  which  the  atom  of  hydrogen 
which  was  in  juxtaposition  to  oxygen  has  been  replaced  by  an  alcohol 
radicle: 


\ 
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C         H     0  C 

(I    i    I    i^fftn — n  or 


C  '-TT^  C 


Acetic  aldehyd.  Ordinary  acetone. 

_5^  C H     O 

(D   ®   (D  CE—L    '     t)  0  CTZD 
(i     I      I     71  ®   (D  (I     ■     i     r) 

c       -^       c 

Plropyllc  aldebyd  (laomeric  with  acetone). 

The  synthetical  process  of  preparation  discovered  by  MM.  Frennd 
and  Pebal  leads  us  to  suppose  that  there  are  numerous  cases  of  isomerism 
among  the  acetones ;  it  is  not  probable  that  the  body  obtained  by  the 
action  of  chloride  of  acetyl  on  zinc-ethyl  is  identical  with  that  arising 
from  the  action  of  chloride  of  propyl  on  zinc-methyl. 


CYANOaiSN  COMPOUNDa 

Nitrogen,  being  generally  trivalent  though  it  is  pentatomic,  and 
carbon  being  tetratomic,  the  three  units  of  atomicity  which  act  in  an 
atom  of  nitrogen  may  saturate  three  of  the  units  of  an  atom  of  carbon, 
the  fourth  remaining  free ;  therefore  the  radicle  CN  is  triatomic  and 
monovalent,  as  the  following  figure  shows  : 

C 

(I     I     i  ID^ 

.  ri     i     I     IT) 

N 

This  radicle  is  named  cyanogen,  and  may  be  regarded  as  a  com- 
pound radicle  to  be  classed  by  the  side  of  the  halogen  metalloids 
(chlorine,  bromine,  iodine,  and  fluorine).  Its  compounds  are  very 
important,  and  to  render  their  formulae  less  complicated,  it  is  repre- 
sented by  the  symbol  Cy  =  CN. 

Free  cyanogen,  like   chlorine,  bromine,  and  iodine,  has  a  double 

molecule  corresponding  to  the  formula  p^  i ;  if,  in  this  molecule,  an 

atom  of  hydrogen  or  an  atom  of  a  metal  be  substituted  for  a  group 

CN,  hydrocyanic  acid  (    it  [  )  ^^  *^  metallic  cyanide  (  tlt'  } )  is  obtained. 

If  the  cyanogen  bo   replaced  by  chlorine,  bromine,   or   iodine,   the 
chloride,  bromide,  or  iodide  of  cyanogen  is  produced  ; 


^y)  Cy  I  Cyl 

:!1  f  Br  f  If 


Cy 

01 
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Cyanogen  may  also  be  substitnted  for  a  part  or  the  whole  of  the 
hydrogen  contained  in  water  and  its  congeners,  hydrosnlphuric, 
hydroselenic,   and  bydrotelluric  acids;   thence  we  hare  cyanic  acid 

(  H  I  ^)'  ^y^^^^  anhydride  (n^[  Or,  hydrosulpho-cyanic,  or  better, 
Bulphocyanic  acid  (  u  }  S  ),  siilphocyanic  anhydrosnlphide  (r/  [  S  )  , 

liydroselenio-cyanic,  or  selenio-cyanic  acid  (  -p  i  ^  )'  selenio-cyanic 
anhydroselenide  (n^  }Sej  ;  and  finally,  tellurocyanio  acid  T  p/Te  j  , 

and  tellnrocyanic  anhydrotelluride  (n^fTe  j  . 

Those  of  the  above  compounds  which  are  marked  with  an  asterisk 
are  unknown. 

Sulphuretted,  oxygenized,  etc.,  compounds  of  cyanogen,  corre- 
sponding to  oxygenized  water  (  tt[  O^j,  niay  also  possibly  exist. 

It  is  thus  that  the  constitution  of  persulphohydrocyanic  acid 
(Cy*n"S')  and  persulphocyanogen  (Cy'HS')  may  be  accounted  for. 
The  first  of  these  bodies  may  be  regarded  as  a  combination  of  hydro- 
sulphuric  acid  and  bisulphide  of  cyanogen,  and  the  second  as  resulting 
from  the  substitution  of  Cy  for  H  in  the  first. 

Persulphohydrocyanic  acid     .     .     .     .     f  p^  >S*,     ji  [  S  j 

Persulphocyanc^en vCyf^*'      Hl^) 

Cyanogen  may  also  be  substituted  for  a  part  or  the  whole  of  the 
hydrogen  of  ammonia.     The  compounds  thus  foiined  are  : 


Cyanamide. 


if) 

(!}") 

/Cy]    \ 

tricyanamide I  Oy  >  N  I 

Vcyj    / 


Dioyanamide 


and 


It  may  also  replace  either  the  hydrogen  or  the  hydroxjl  in  poly- 
atomic alcohols,  and  give  rise  to  C3'anhydrins  which  ai-e  perfectly 
analogous  to  the  chlorhydrins  and  bromhydrins. 

Thus  to  glycol  (C*H*"<q-ct)  there  correspond:  the  cyanhjdrin 
/q.jj*;/|OH\  ^^^  dicyanhydrin  or  cyanide  of  ethylene  fom*"\^y 
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But  the  history  of  cyanogen  componnds  does  not  stop  here.  They 
possess  the  singular  property  of  giving  rise  to  a  great  number  of 
polymers.  To  free  cyanogen  there  corresponds  a  black  body,  para- 
cyanogen,  ivhose  degree  of  condensation  is  not  known,  bufc  which  is  a 

polymer  of  cyanogen  p  •>.     No  polymer  of  hydrocyanic  acid  is  known, 

but  the  cyanides  possess  the  property  of  giving  rise  to  double  cyanides. 
Among  these  bodies  there  are  some  which  are  similar  to  double  chlorides, 
but  there  are  others  differing  in  character  from  these  salts,  and  which 
appear  to  result,  not  from  the  juxtaposition  of  two  molecules,  but  from 

a  true  atomic  combination  constituting  condensed    cyanides    ](f»f. 

Thus  a  solid  chloride  (Cy'Cl*)  whose  condensation  is  triple,  corre- 
sponds to  the  liquid  chloride  (CyCl),  of  which  latter  a  gaseous  modifi- 
cation appears  also  to  exist  at  the  ordinary  temperature.  Condensed 
bromides  and  iodides  of  cyanogen  are  not  as  yet  known,  but  to  cyanic 

acid  (  Hf  ^)  ^^®^  correspond  dicyanic  acid  (^a?  0*)  and  tricyanic 

or  cyanurio  acid  (  m[  ^V    Besides  these,  there  exists  a  body  called 

cyamelid,  which  is  also  a  polymer  of  cyanic  acid,  but  whose  degree  of 
condensation  is  unknown. 
To  oyanamide    there  corresponds    a  polymer,   melamine   and  its 


isomer 


,  melam,  I  Cy"<  NH*  I ;  this  triamide  may  be  converted,  by  means 

\    Inh*/ 

of  the  alkalies,  into  cyanuric  acid  and  ammonia,  8(0H)  being  substi- 
tuted for  3(NH^) ;  but  this  substitution  may  take  place  partially :  thence 

/       iSB\  I       fNH'\ 

ammeline  I  Cj*<  NH'  L  ammelid  and  I  Cy*<  OH  I  Rulpho-mellonio  acid 

\      lOH|  \      loH/ 

I  Cy*<  SH  j,  can  also  be  produced  by  introducing  the  group  SH  in 
place  of  tne  group  OH;  and,  lastly,  (NH*)  may  be  replaced  by  CI, 
chloro-cyanamide  I  Cy*<NH*  I  being  obtained  by  this  substitution. 

To      dicyanamide      (   h  T  ^  )     ^^^^^     correspond     hydromellon 

/     f(NH)"\  /     KN^);;\   /     i^^'"\ 

((Cy-WNHV; y  and  cyameluricacid,  I  (Cy'W^^'^g    or    (Cy«)'|g|| 

according  as  the  formula  (C'H'N^O")  given  by  Liebig,  or  that  proposed 
by  Gerhardt  (C«H*K»0")  for  this  body,  be  adopted. 

Tricyanamide  is  unknown. 

The  triatomicity  of  oyanogen  has  been  proved  by  the  experiments  of 
M.  Gauthier,  as  aJso  by  those  of  M.  Gal.     These  chemists  have  each 
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shown  that  the  g^reater  part  of  cyanogen  compounds,  hydrocyanic  acid, 
hydrocyanic  and  cyanic  ethers,  can  fix  HC1,  HBr,  or  HI  in  the  same 
way  as  ammonia,  and  give  crystallizable  compounds. 

Free  Cyanogen. — This  body  may  be  obtained  by  the  dehydration  of 
oxamide : 

(%|n«)     =     2(H*0)    +    i(?lP)     =     gg}     =     g} 

OzuDide.  Water.  Free  cjanofen. 

It  is  usually  prepared  by  the  dry  distillation  of  mercuric  cyanide : 

Mcrcurte  Merciuy.  Qfaaogen. 

cyanide. 

In  this  operation  a  black  residue  is  always  formed,  which  has  the 
same  composition  as  cyanogen,  and  which  is  entirely  converted  into 

this  body,  when  heated  in  an  inert  gas;  it  is  paracyanogen  p^>« 

Cyanogen  is  gaseous  at  the  ordinary  temperature;  it  liquefies 
between  -25**  and  -30'';  below  -34°  it  is  solid.  It  is  slightly 
soluble  in  water,  and  more  so  in  alcohol.  Heated  with  an  alkaline 
metal,  it  gives  a  metallic  cyanide : 

11  + 1}  -  <}) 

Qranugen.        PMafldum.  Cyanide  of 

potaarium. 

In  presence  of  caustic  potash,  it  gives  rise  to  a  mixture  of  cyanide  4 
and  cyanate,  in  the  same  way  as  chlorine  gives  a  mixture  of  chlo- 
ride and  hypochlorite : 

Qyanogen.  Potash.  Qyanide  of  Cyanate  of  Water. ' 

potaaslmn.  potaadum. 

» 

Cyanogen  unites  directly  with  several  organic  alkalies,  fumiBhing 
new  alkaloids.  Oxalic  acid  is  always  obtained  among  the  products  of 
the  decomposition  of  these  cyanogenized  alkalies,  which  can  be  readily 
nnderstood,  as  cyanogen  represents  the  oxalate  of  ammonium,  less 
water. 

It  can  also  unite  directly  with  one  or  with  two  molecules  of  hydro- 
sulphuric  acid,  giving  the  compounds  (ny}»  Hi  ^  )  ^'^  (c   I'  Hm  ^ *A 

Hydrocyanic  Add. — The  best  method  of  obtaining  pure  hydro- 
cyanic acid  consists  in  transmitting  a  current  of  perfectly  dry  sulphu- 
retted hydrogen  gas  through  a  tube  full  of  dry  cyanide  of  mercuiy 
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heated  in  a  sand-bath.     The  acid  disengaged  is  collected  in  a  cold 
receiver : 


Hg") 
Cy'f 

-  (510  ■ 

(Hg"S) 

+ 

<\) 

Mercnric 

Hydroralphuric 

Mercnric 

Hydrocyanic 

cyanide. 

add. 

salphide. 

acid. 

As  the  decomposition  of  the  mercuric  cyanide  takes  place,  the 
contents  of  the  tube  become  black.  In  order  that  the  acid  obtained  be 
pure,  the  operation  should  be  arrested  while  there  still  remains  some 
cyanide  undecomposed,  that  is  to  say  white,  in  the  anterior  part  of 
the  tube ;  without  this  precaution,  a  little  hydrosulphuric  acid  might 
be  dissolved  in  the  hydrocyanic  acid. 

Hydrocyanic,  called  also  Prussio  acid,  is  the  strongest  poison  known ; 
one  drop  is  sufficient  to  kill  a  dog,  and  its  eflfects  are  instantaneous. 

Hydrocyanic  acid  boils  at  26°  *  5 ;  it  congeals  in  the  freezing  mixture 
formed  by  ice  and  sea  salt;  its  density  at  18°  is  *6967.  It  is  very 
difficult  to  preserve  the  anhydrous  acid,  especially  in  the  light,  but  if 
it  be  diluted  with  water,  and  especially  if  mixed  with  mineral  acids, 
it  keeps  much  better.  Its  spontaneous  decomposition  appears  to  be 
owing  to  some  impurities,  for  when  absolutely  pure,  it  may  be  pre- 
served. The  products  of  its  decomposition  have  not  been  much 
studied. 

In  presence  of  potash  and  a  ferrous  salt  mixed  with  a  certain 
quantity  of  ferric  salt,  hydrocyanic  acid  gives  a  blue  precipitate  which 
generally  remains  mixed  with  the  mixed  hydrates  of  iron  precipitated  at 
the  same  time ;  but  if  hydix>chloric  acid  be  added,  the  hydrates  of  iron 
are  dissolved  and  a  very  pure  blue  precipitate  remains,  which  shows 
the  presence  of  Prussic  acid. 

Under  the  influence  of  hydrating  agents  such  as  potash,  sulphuric, 
or  dilute  hydrochloric  acid,  hj'drocyanio  acid  absorbs  water  and 
formiate  of  ammonium  is  obtained,  or  rather  the  products  of  the 
decomposition  of  this  salt  by  the  reagent  employed : 

(»})      +       .(HK,,       .       (OHOio) 

Hydrocyanic  Water.  Formiate  of 

acid.  ammooium. 

M.  Gauthier  has  observed  that  hydrocyanic  acid  combines  directly 
with  hydriodic  and  with  hydrochloric  acids,*  giving  the  crystallizable 
compounds  (CNH.HI)  and  (CNH.HCl).  These  combinations  are 
readily  explained.  Hydrocyanic  acid  being,  according  to  our  hypo- 
thesis, 

C 

(  i     I      I     i")   .      . 
®  CT — i — T—'*^~^^ 

H  N 


*  This  has  not  been  published,  bat  M.  Ghinthier  has  oommnnicated  it  to  me 
privately. 

2  Y 
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its  hydroohlorate  is 

C  H  CI 

CJL^LUZirxD  (D 

(f)  (  I     I     i "  i     n 

H  N 

MetaUio  Csranides. — Hjdrocyanio  aoid  may  exchange  its  hydrogen 
for  a  metal,  and  give  rise  to  cyanides  which  contain  as  many  atoms  of 
the  radicle  cyanogen  as  are  equal  to  the  number  which  expresses  the 
value  of  substitution  of  the  metal  in  the  compound  formed. 

Metallic  cyanides  unite  among  themselves  to  form  double  cyanides. 
These  are  often  true  double  cyanides,  in  which  the  two  constituent 
metals  may  be  detected  by  means  of  appropriate  reagents ;  such  are 
the  double  cyanides  of  potassium  and  cadmium,  of  potassium  and 
silver,  etc. 

Sometimes  they  are  compounds  in  which  one  of  the  metals  cannot 
be  detected  by  its  ordinary  tests  unless  the  molecule  be  decompoeed. 
In  this  latter  case  it  is  supposed  that  one  of  the  metals  is  joined  with 
cyanogen  to  constitute  a  compound  radicle  with  which  the  other  metal 
is  united.  Such  bodies  are  designated  by  a  name  which,  while  indi- 
cating their  composition,  prevents  their  being  considered  as  donhle 
cyanides.  Thus  we  say :  cuprocyanide  of  potassium,  ferrocyanide  of 
sodium,  platinocyanide  of  ammonium. 

The  principal  compounds  of  this  order  are  the  ferricyanides,  the 
ferrocyanides,  eobalticyanides,  nickelocyanides,  cuprocyanides,  and 
platinooyanides.  The  most  important  are  the  ferrocyanides  and  the 
ferricyanides. 

Ferrocyanides. — When  a  ferric  salt  is  precipitated  by  an  excess 
of  alkaline  cyanide,  a  precipitate  is  formed  which  redissolves.  On 
evaporation,  the  liquid  deposits  beautiful  yellow  crystals  of  a  compound 
called  ferrocyanide  of  potassium,  cyanoferride  of  potassium,  yellow 
prussiate  of  potash,  etc.  These  crystals  correspond  to  the  formola 
(Fe"Cy*,4KCy+6aq.).  However,  this  formula,  in  which  the  salt  is 
considered  as  a  double  cyanide,  is  objectionable,  and  the  formula 
((FeCy')'^K^-l'^^^-))  ^^  which  potassium  is  considered  as  united  to  the 
tetratomio  radicle  (FeCy*),  should  be  substituted  for  it. 

The  ferrocyanide  of  potassium  is  neutral ;  it  is  not  poisonous  and  is 
readily  soluble  in  water ;  its  solution  is  precipitated  by  most  metallic 
solutions,  compounds  being  thereby  formed  which  are  derived  from  the 
potassic  ferrocyanide  by  the  substitution  of  another  metal  for  the 
potassium : 


((PeCy')"K*)      + 

I           Pb"f^ 

((FeCy*)"Pb') 

PoUasic  ferrocyuiide. 

Nentral  nitrate  of  lead. 

Nitrate  of  potaaeiiim. 

Ferrocjanlde  of  lead. 
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Treated  with  hydrochloric  acid,  yellow  prussiate  of  potash  exchanges 
its  potassium  for  hydrogen,  and  white  crystalline  scales  of  hydroferro- 
cyanic  acid  ((FeCy'^^H*)  are  obtained. 

If  a  solntion  of  ferrocyanide  of  potassinm  or  hydroferrocyanic  acid 
be  added  to  a  solution  of  a  ferric  salt,  a  blue  precipitate  (Prussian 
blue)  is  formed.  In  order  to  understand  the  constitution  of  such  a 
body,  we  should  consider  that  ferric  salts  contain  a  double  atom  of 
iron,  Fe*,  acting  as  a  hexatomic  radicle.  As  this  double  atom  cannot  be 
substituted  for  less  than  six  atoms  of  potassium,  and  as  potassic  ferro- 
cyanide only  contains  four,  the  reaction  takes  place  betweqn  three 
molecules  of  ferrocyanide  and  two  of  the  ferric  salt : 

Potaasic  ferroqranide.  Ferrlo  siUpluite.  Potanic  solplutte. 

+      [(re(y)'(Fe')'] 

Ferric  ferroc^aiiide 
(Pnualaii  Uiie). 

When  the  ferric  salt  is  replaced  in  this  process  by  a  ferrous  salt,  the 
reaction  takes  place  between  one  molecule  of  ferrocyanide  and  two  of 
the  ferrous  salt,  and  a  ferrous  ferrocyanide  is  formed : 

[(FeCyTK']   +  2(^;jo')  =   2(S^;}o»)  +    [(FeCyTFe'"] 

Potanic  ferrocyanide.  Ferrona  sulphate.  Potaasic  ralphate.  Ferroua  ferrof^anide. 

On  contact  with  air,  ferrous  ferrocyanide  is  transformed  into  a  mix- 
ture of  Prussian  blue  and  sesquioxide  of  iron  : 

6[(FeCy7'Fe«]    +    3(^1^     =     2[(FeCy7(Fe«)«]     +     2(Fe«0«) 

Ferrona  ferrocyanide.  Oxygen.  Ferric  ferrocyanide  SeMjniozide 

(Prussian  blue).  of  iron. 

In  manufactures,  Prussian  blue  is  always  prepared  in  this  manner. 
Therefore,  when  it  is  wished  to  procure  this  body  in  a  pure  state 
from  the  Prussian  blue  of  commerce,  this  latter  should  be  powdered 
and  treated  with  hydrochloric  acid,  in  order  to  dissolve  the  ferric  oxide 
it  contains. 

Ferrioyanldes. — ^By  the  action  of  a  cun*ent  of  chlorine  on  a 
solution  of  potassic  ferrocyanide,  chloride  of  potassium  is  produced 
and  a  new  body  of  a  red  colour  which  is  separated  from  the  potassic 
chloride  by  repeated  crystallizations.  This  new  body  is  called  red 
prussiate  of  potash,  ferricyanide  of  potassium,  cyanoferride  of  potas- 
sium, etc. ;  its  formula,  regarding  it  as  a  double  cyanide,  would  be 
[(Fe'Cy*),6KCy] ;  but  it  should  be  written  [(Fe'Cy^T^'j,  and  be 
regarded  as  restilting  from  the  union  of  potassium  with  the  hoxatomic 
radicle  ferricyanogen  (Fe'Cy")^.  The  reaction  which  gives  rise  to 
this  salt  is  expressed  by  the  following  equation : 

2  Y  2 
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2[(FeCy»)'^']     +     g)     =     2(^|)     +     [(Fe-Cy'TK'] 

PotaBsIc  ferrocyaDide.  Chlorine.  Chloride  of  Perricyaoide  of  poUMimn. 

potassiiun. 

It  will  be  seen  that  in  this  reaction  two  molecules  of  a  tetratomic 
ferrocyanogen  radicle  have  united,  exchanging  two  atomicities,  and 
have  produced  the  hexatomic  group  (Fe'Cy")  =  2(PeCy*). 

Potassic  ferricjanide  exchanges  its  potassium  for  other  metals  by 
double  decomposition.  If  iron  be  thus  substituted,  a  blue  insoluble 
body  is  obtained,  having  for  formula  [(Fe*Cy^)Fe"],  and  called  Turn- 
bull's  blue.  This  blue  precipitate,  which  is  formed  when  a  ferrous 
salt  is  precipitated  by  potassic  ferricyanide,  should  not  be  confounded 
with  Prussian  blue,  which  is  formed  by  the  reaction  of  the  ferrocyanide 
of  potassium  on  ferric  salts,  and  whose  constitution  we  have  previously 
indicated. 

Soluble  ferricyanides  do  not  give  any  precipitate  with  ferric  salts. 

Decomposed  by  sulphuric  acid,  the  ferricyanide  of  lead  is  transformed 
into  sulphate  of  lead  and  hydroferricyanic  acid  [(Fe^Cy")'*H'],  which 
latter  crystallizes  in  brownish  deliquescent  needles. 

The  iron  contained  in  these  different  compounds  cannot  be  detected 
by  its  usual  tests;  moreover,  they  enter  into  double  decomposition 
with  metallic  salts,  exchanging  their  metal  for  hydrogen;  they  are 
neutral,  and  are  not  poisonous. 

True  double  cyanides,  on  the  contrary,  never  have  hydrogen  sub- 
stituted for  a  metal ;  they  are  alkaline,  poisonous,  and  the  two  metals 
they  contain  can  always  be  detected.  These  differences  clearly  establish 
that  the  salts  we  have  just  described  cannot  be  regarded  as  double 
cyanides. 

Cobalt  forms  compounds,  cobalticyanides,  which  correspond  to  the 
ferricyanides ;  such  is  the  cobalticyanide  of  potassium  [(Co*Cy'*)'^K*3. 
Chromium  and  manganese  give  ansdogous  compounds.  Nickel,  on  the 
contrary,  forms  compounds  which  correspond  to  the  ferrocyanides  ; 
such  is  the  nickelocyanide  of  potassium  [(NiCy')'^K*].  Zinc^  (^mium, 
magnesium,  etc.,  do  not  form  any  combination  of  this  description ; 
which  fact  leads  us  to  class  nickel  with  iron  and  cobalt,  and  not  in  the 
magnesian  series. 

Platinum  gives  two  orders  of  cyanogen  compounds  :  platinocyanides 
[(PtCy^M'^  and  platino-sesquicyanides  r(Pt«Cy''^)M'*]. 

Cuprocyanides  [(CuCy*)M''J,  etc.,  are  furnished  by  copper. 

Hydrooyanio  Ethers. — When  an  alcoholic  solution  of  potassic 
cyanide  is  acted  upon  by  the  hydrochloric  or  hydrobromic  ether  of  an 
alcohol,  chloride  of  potassium  and  a  hydrocyanic  ether  are  produced  : 


CI 

Cyanide  of 

Chloride  of 

potaasium. 

potaninm. 

Chloride  of  Qyanldo  of  Chloride  of  Qyankie  of  ethyL 

ethyl. 
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This  process  is  general ;  it  succeeds,  whatever  may  be  the  atomicity 
of  the  alcohol  whose  hydrocyanic  ether  is  to  be  prepared,  and  with 
polyatomic  alcohols,  whatever  may  be  the  degree  of  etherification  to 
be  obtained.  By  it  the  hydrocyanic  ethers  of  glycol  can  be  as  easily 
prepared  as  those  of  alcohol,  and,  with  the  first  of  these  bodies,  mono- 
cyanhydrin  may  be  as  readily  obtained  as  dicyanhydrin. 

In  order  to  prepare  the  hydrocyanic  ethers  of  monatomio  alcohols, 
the  alkaline  salts  of  their  acid  ethers  are  distilled  with  cyanide  of 
potassium : 


/SO*" 
|C*H« 
\    K 

Efhyl-fiulphate 
of  potaaBlam. 


}.) 


K 


}    - 


/C'H 


■|) 


cyanide  of 
potassium. 


cyanide  of 
ethyl. 


+    (Tjo-) 


Potamle  sulphate. 


The  hydrocyanic  ethers  of  monatomio  alcohols,  submitted  to  the 
influence  of  hydrating  agents,  such  as  a  boiling  alcoholic  solution  of 
potash,  absorb  two  molecules  of  water  and  are  thereby  transformed  into 
ammoniacal  salts  of  acids  belonging  to  series  higher  by  one  degree 
than  those  to  which  these  ethers  belonged ;  or,  rather,  the  potassic  salts 
of  these  acids  are  obtained,  ammonia  being  disengaged : 


/(yw\\ 


(,CN 


(^1 0)  +  (g  1 0)  =  r^]  0)  ^  (1}  n) 


cyanide  of 
ethyl 


Potash. 


Water. 


Propionate  of 
potafisium. 


Ammonia. 


The  hydrocyanic  others  of  polyatomic  alcohols  undergo  a  similar  trans- 
formation. They  absorb  2(H*'^0)  for  each  atom  of  cyanogen  radicle  they 
contain.  The  acids  produced  belong  to  series  which  differ  from  those 
to  which  the  ethers  employed  belong  by  as  many  molecules  of  CH'  as 
there  are  molecules  of  the  cyanogen  radicle  contained  in  these  ethers : 


(c^ig?)  +  (1)0)  +  (Sfo)  -   {cm 


VI 


Cyanhydrin  of 
glyooL 


Potash. 


Water. 


(OH    \ 
tcO'K^ 

Lactate  of  potasaium. 


+    (NH-) 

Ammonia. 


( 


<™-{cS) 

cyanide  of  eliiylene. 


+ 


Kil»)  +  Hi)°)  -  (^"Pi) 


Po<a«h. 


Water. 


Saodnate  of  potassium. 


+     2 


(ih) 

Ammonia. 


We  have  already  seen  (see  Nitryles)  that  in  the  aromatic  series  the 
acids  obtained  by  these  processes  are  not  the  true  homologues  of  those 
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derived  by  oxidation  from  the  alcohols  whose  ethers  have  been  em- 
ployed, and  that  these  latter  acids  probably  correspond  to  the  cyanides 
of  the  radicles  of  phenols.  We  have  also  seen  that  the  nitryles,  that 
is  to  say  the  hydrocyanic  ethers  of  monatomio  phenols  or  aloohc^,  fix 
H^  under  the  influence  of  nascent  hydrogen,  and  give  compound  am- 
monias belonging  to  a  series  one  term  higher  than  that  of  the  alcohol 
or  phenol  whose  radicle  they  contain. 

M.  Gauthier  has  found  that  the  hydrocyanic  ethers  combine  directly 
with  the  hydracids  of  chlorine,  bromine,  iodine,  and  sulphur,  and  even 
with  chloride  of  boron,  forming  crystallizable  bodies  :  (C*H*,CN.HC1)  ; 
(C^^CN.H*S),  etc.  The  formation  of  these  bodies  is  explained  in  the 
same  manner  as  that  of  the  hydrochlorate  of  hydrocyanic  acid. 

The  same  chemist  has  discovered  a  very  remarkable  case  of  isomerism. 
The  cyanide  of  ethyl  prepared  by  the  action  of  the  cyanide  of  silver  on 
the  iodide  of  ethyl,  is  not  identical  with  that  resulting  from  the  action 
of  cyanide  of  potassium  on  potassic  sulphovinate.  The  first  is  volatile 
at  82°,  has  a  very  disagreeable  odour,  and  when  cold  combines  infitan- 
taneously  with  hydrochloric  acid,  developing  heat  like  ammonia.  The 
second  boils  at  98^,  has  an  ethereal  odour  which  is  not  disagreeable 
when  the  salt  is  pure,  and  requires  some  time  in  order  to  unite  with 
the  hydracids.  These  differences  between  these  two  isomers  may  per- 
haps be  explained  by  representing  ordinary  cyanide  of  ethyl  by  the 
formula   [(CH)'".N]    and    M.   Ganthier's    cyanide    by    the    formula 

Chlorides  of  Cyanogen. — If  moist  mercuric  cyanide  be  left  in  a 
flaijc  full  of  chlorine,  gaseous  chloride  of  cyan(^en  pf  [  is  produced: 

Mercnrio  Chlorine.  Menmrio  dbitaUtct 

(^anlde.  chloride.  cyanogen. 

Gaseous  chloride  of  cyanogen  is  solidified  by  a  cold  of  — 18^,  melts 
at  —15°,  and  begins  to  boil  at  —12°,  under  the  ordinary  pressure  of 
the  atmosphere ;  water  dissolves  25  times,  ether  50  times,  and  alcohol 
100  times  its  volume.  When  left  in  a  hermetically-sealed  tube, 
gaseous  chloride  of  cyanogen  is  slowly  converted  into  solid  chloride. 

The  alkalies  transform  chloride  of  cyanogen  into  alkaline  chloride 
and  cyanate,  or,  rather,  into  chloride,  carbonic  anhydride,  and  ammonia ; 
these  two  latter  bodies  being  produced  secondarily  by  the  action  of 
the  alkali  on  the  cyanate  formed : 

§■1  +  ^(i}o)  -  mo)  + 1]  +  (g}o) 

Chloride  of  Potash.  Cyanate  of  Chloride  of  Water, 

cyanogen.  potaadum.  potaaatiun. 


*  From  a  private  oommunicatiou. 
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On  transmitting  a  oarrent  of  chlorine  into  concentmted  hydrocyanic 
acid  cooled  to  0°,  at  a  certain  time  a  lighter  layer  will  be  seen  to 
separate  from  the  remainder  of  the  liquid ;  'this  layer  is  a  combination 
of  chloride  of  cyanogen  and  hydrocyanic  acid,  and  when  washed  with 
iced  water  and  dried,  its  formula  is  [(CyCl)*HCy],  and  it  boils  at  20°. 
If  it  be  mixed  with  mercuric  oxide  in  a  cold  vessel,  and  then  distilled, 
transmitting  the  vapours  over  chloride  of  calcium,  a  liquid  is  obtained 
which  is  not  inflammable,  is  volatile  at  15^,  and  solidified  at  ^  5^  or 
—  6®,  and  the  formula  of  which  is  (CyCl).  This  is  a  liquid  modification 
of  the  chloride  of  cyanogen.  It  was  formerly  believed  that  this  body 
corresponded  to  the  double  formula  (Cy'Cl*) ;  but  its  vapour  density, 
recently  determined,  proves  that,  like  the  gaseous  chloride,  it  corre- 
sponds to  the  simple  formula  p7>.    Liquid  chloride  of  cyanogen,  when 

pure,  may  be  preserved  for  any  length  of  time ;  but  if  it  be  prepared  by 
transmitting  chlorine  into  dilute  hydrocyanic  acid  and  simply  distilling, 
without  washing  with  iced  water  or  treating  by  mercuric  oxide,  the 
product  obtained  is  soon  transformed  into  solid  chloride  of  cyanogen. 

The  solid  chloride   J|3>  is  obtained  by  the  action  in  sunlight  oi 

chlorine  in  excess  on  anhydrous  hydrocyanic  acid.  This  body  forms 
brilliant  needles  of  a  density  of  1-32;  it  melts  at  140°  and  boils  at 
190°.  It  is  only  sparingly  soluble  in  water,  but  the  solution  is  very 
poisonous ;  it  is  very  soluble  in  alcohol  and  in  ether.  Its  alcoholic 
solution  is  quickly  transformed  into  hydrochloric  and  cyanuric  acids : 

%}     +     '(II 0)     -     CS:}0-)    +    3(Hf) 

SuUdcblorlde  Water.  Cyanuric  add.  Hydrochlorio 

of  <7aD0geii.  acid. 

This  transformation  is  instantaneous  if  an  alkali  be  present 
Some  chemists    still  doubt  the    existence  of  gaseous  chloride  of 
cyanogen,  and  think  that  it  is  merely  the  vapour  of  more  or  less 
impure  liquid  chloride.     This  subject  requires  further  research. 

Bromide  and  Iodide  of  Cyanogen  -^i  and     ^L —  These    bodies 

are  obtained  by  submitting  mercuric  cyanide  to  the  action  of  bromine 
or  iodine,  llie  equations  which  represent  their  formation  are  iden- 
tical with  that  given  to  explain  the  production  of  a  simple  chloride, 
substituting  bromine  or  iodine  for  chlorine. 

The  chemical  properties  of  the  iodide  and  bromide  of  cyanogen  are 
similar  to  those  of  the  chloride  ((>yCl).  Condensed  bromides  and 
iodides  are  unknown. 

Bromide  of  cyanogen  is  solid ;  it  melts  at  -f~^^>  According  to  some, 
but  requires  a  higher  temperature  according  to  others.  This  would 
appear  to  indicate  the  existence  of  difierent  bromides  which  have  been 
confounded  with  each  other. 
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The  iodide  is  volatilized  without  residue  at  -|-45^. 

Cyanic  AoidT  Z\  O). — ^Potaasic  cyanate  is  obtained  by  heating  dried 

ferrocyanide  of  potaasium  mixed  with  peroxide  of  manganese  on  an  iron 
plate,  and  treating  with  boiling  alcohol.  The  filtered  liquid  deposits 
potassic  cyanate  on  cooling.  In  this  reaction  the  ferrocyanide  is  first 
transformed,  under  the  influence  of  heat,  into  potassic  cyanide  and  car- 
bide of  iron,  and  the  potassic  cyanide  is  then  oxidized  at  the  cost  of  the 
peroxide  of  manganese : 

Kid   *   21    -    K%°) 

Cyanide  of  Oxygen.  Qyuiate  of 

potMiiam.  potmrimn. 

Cyanic  acid  cannot  be  extracted  from  the  cyanates ;  but  this  acid  is 
obtained  by  distilling  cyanuric  acid  in  a  small  retort: 

(%}<,)         .         3(^)0) 

Cyanaric  acid.  Cyanic  acid. 

Wlien  left  to  itself,  cyanic  acid  is  converted  into  a  solid  white  mass 
called  cyamelid :  this  transformation  is  accompanied  by  a  disengagement 
of  heat.     Cyamelid  is  re  transformed  into  cyanic  acid  by  dibtillation. 

The  alkalies  transform  cyanic  acid  into  cyanates ;  if  these  salts  be 
heated  with  an  excess  of  base,  they  are  decomposed  into  alkaline  car- 
bonate and  ammonia : 

a\0)    +    (!^}0)    +    (HJO)    .     (^Tfo.)    +     (KH., 

Potassic  Potaah.  Water.  Potassic  Ammonia, 

cyaiiatp.  cdrbooate. 

Under  the  influence  of  water,  cyanic  acid  undergoes  an  anal<^ous 
decomposition : 

i^u}^)    +    (Sfo)     =     (^)    +    (NH*) 

Qyanicacid.  Water.  Carbonic  Ammonia. 

aniiydride. 

Urea  is  also  produced  in  this  case,  in  consequence  of  the  secondary 
action  exercised  by  the  ammonia  formed,  on  some  cyanic  acid  remaining 
undecomposed. 

The  action  of  cyanic  acid  on  the  alcohols  give  rise,  not  to  the  forma- 
tion of  cyanic  ethers,  but  to  that  of  ethers  of  an  acid  whose  formula  is 
(C*H*N*0'),  and  which  is  called  allophanic  acid. 

Cyanic  ethers  are  obtained  by  distilling  the  alkaline  salt  of  an  acid 
ether  with  potassic  cyanate  : 
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Potassic  Potassic  etbyl-  Fbtaaric  sulphate.  Cyanatcof 

cyauate.  sulphate.  ethyl. 

M.  Gal  lias  Bhown  that  cyanio,  like  hydrocyanic  ethers,  are  capable  of 
uniting  with  hydracids. 

Under  the  influence  of  alkalies,  the  cyanio  ethers  undergo  a  decompo- 
sition analogous  to  that  which  cyanio  acid  undergoes ;  but  as  the  typical 
hydrogen  of  this  acid  is  here  replaced  by  a  radicle  of  alcohol,  the  am- 
monia which  is  formed  contains  an  alcohol  radicle  substituted  for  an 
atom  of  hydrogen : 

{%.]-)  +  <i}o)  =  i^r}<y)  +  (T|k) 

Cyanate  of  ethyL  Potash.  PotasGlo  carbonate.  EthyLamine. 

Cyanetholine. — This  body  is  an  isomer  of  cyanate  of  ethyl,  and  has 
been  obtained  by  M.  Cloez  by  causing  chloride  of  cyanogen  to  act  on 
the  ethylate  of  sodium  : 


(^7  °) 

+     Clf   .~ 

Clf    +    I    Cy[Oj 

Ethylate  of 

Chloride  of 

Chloride                Qyanetholine. 

sodium. 

cyanogen. 

of  sodium. 

Instead  of  being  decomposed  by  potash  into  ethylamine  and  potassio 
carbonate,  as  is  the  case  with  the  cyanate  of  ethyl  of  M.  Wurtz,  cyane- 
tholine, like  ethers  in  general,  splits  up  into  alcohol  and  cyanio  acid,  or 
rather,  into  alcohol,  and  the  products  of  the  deoomposition  of  cyanio  acid 
by  the  alkalies,  i.e,,  ammonia  and  oarbonio  anhydride. 

The  hydracids  do  not  unite  with  cyanetholine,  but  they  transform  it 
into  chloride  or  bromide  of  ethyl,  and  cyanuric  acid  resulting  from  the 
condensation  of  cyanic  acid. 

From  these  facts  it  follows  that  the  names  applied  to  cyanio  acid 
and  its  ethers  ought  to  be  changed.  Cyanetholine  is  the  true  cyanic 
ether  containing  the  radicle  CN  united  to  ethyl  by  means  of  0 ;  the 
cyanic  ethers  of  M.  Wurtz  are  the  alcoholic  derivatiyes  of  oarbimide 

Their  constitution  and  that  of  cyanetholine  is  expressed  by  the  fol- 
lo'wing  figures : 
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N  () 

!_l_L)CTip 
■ 


(unzxzD 

c 

0 


e 


re- 
le- 


I- 


0 


-  (<^!o) 


-   (ot'|n) 


Cywic  ether 
(ethyl-caiUiiiiile). 


It  is  probable  that  similar  isomers  exist,  and  that,  seeing  the  facility 
with  which  cyanogenized  bodies  are  transformed,  compounds  which  do 
not  contain  the  cyanogen  radicle  are  improperly  called  cyanogen  oom> 
pounds.  This  name  should  be  reserved  exclusively  for  bodies  contain- 
ing nitrogen  saturated  in  three  of  its  atomicities  by  carbon,  the  fourth 
unoccupied  atomicity  of  the  carbon  uniting  with  the  various  residues, 
lliose  bodies  in  which  only  two  atomicities  of  nitrogen  are  saturated 
by  carbon,  the  third  being  united  to  a  radicle,  while  the  two  fr^e 
atomicities  of  the  carbon  are  united  to  oxygen  or  remain  free,  are  not 
cyanogen  compounds,  but  carbonic  imides  or  analogous  bodies. 

Cyanurio  Add  (  XA  0*  j.— The  best  method  of  obtaining  this  body 

consists,  according  to  M.  Wurtz,  in  submitting  urea  in  a  state   of 
fusion  to  the  action  of  a  current  of  dry  chlorine : 


3(CH*N«0) 

UreiL 


+      3 


(SO  ■  {"^m  +  Koif) 


Chlorine. 


pyanorlc  add. 


Hydrochloric 
acid. 


+ 


CS'O 

Chloride  of 
ammonium. 


+ 


Nititigen. 


The  chloride  of  ammonium  is  removed  by  solution  in  cold  wat-ei',  sitikx     J 
the  oyanuric  acid  is  then  dissolved  in  boiling  water  and  cr}'stallized. 

Under  the  influence  of  hydrating  agents,  cyanuric,  like  cyanic  acid, 
iH  converted  into  carbonic  anhydride  and  ammonia. 
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Cyanurio  ethers  are  obtained  in  the  same  manner  as  cyanic  ethers, 
that  is  to  say,  by  the  action  of  acid  ethers  on  cyanurates.  Alkalies 
decompose  them,  producing  an  alkaline  carbonate  and  a  compound 
ammonia.  The  reaction  is  the  same  as  with  cyanic  ethers,  but  cyanuric 
acid  furnishes  three  molecules  of  each  of  these  products  of  decomposi- 
tion, where  cyanic  acid  only  furnishes  one. 

IHoyanlc  Add. — Intermediate  between  cyanic  acid  ( ^>  O)  and 
cyanuric   acid  (  us  [  0*],  it  is  natural  to  anticipate  the  existence  of 

another  acid,  (  X  \  0*j  dicyanic  acid.    M.  Poensgen  has  recently  found 

this  hypothesis  to  be  correct. 

To  obtain  this  acid,  urea  is  heated  to  140^  with  the  iodide  of  cyano- 
gen ;  cyanurea  is  thus  produced : 

(CH*N«0)     +    (^^l^     =     (CH»(CN)N«0)    -f    ^l 

Urea.  Iodide  of  Cyaaorea.  Hydriodk 

cyanogen.  add. 

Cyanurea  being  then  submitted  to  the  action  of  nitrous  acid,  is  trans- 
formed into  water,  nitrc^en,  and  dicyanic  acid : 

(CE.(CN)N'O)  +  (Ng|  o)  .  (HJ  o)  +  N|  ^  (^(CN^^I  ^^ 

Qyanorea.  Nitrons  add.  Water.  Nitrogen.  Dicyanic  add. 

Dicyanic  acid  is  bibasic,  and  has  a  great  tendency  to  form  acid  salts ; 
under  the  influence  of  hydrating  agents  it  is  decomposed,  giving  two 
molecules  of  carbonic  anhydride  and  two  molecules  of  ammonia;  it 
therefore  undergoes  a  transformation  precisely  analogous  to  those  of 
cyanic  and  cyanuric  acids. 

Sulphooyanio   Add    {improperly    called     Hydrottdphocyanic    Add) 

(  Hi  ^  j. — ^Alkaline  sulphocyanates  are  obtained  by  heating  a  cyanide 
with  sulphur : 

K^])  ^  if  -  K'i}^) 

Cyanide  of  Salphnr.  So^bocyanate 

poCaaaiam.  of  potaadom. 

From  the  alkaline  sulphocyanates,  those  of  metals  may  be  prepared 
by  double  decomposition,  and  by  decomposing  the  sulphocyanate  of 
mercury  by  sulphuretted  hydrogen  sulphooyanio  acid  is  obtained. 

This  acid  and  its  salts  colour  ferric  salts  blood-red,  in  oonsequenoe 
of  the  formation  of  ferric  sulphocyanate. 

Sulphocyanic  acid  is  Tery  instable,  even  when  diluted.  When  dry 
it  is  still  more  instable,  and  decomposes  into  hydrocyanic  and  per* 
sulphohydrocyanic  acids : 
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'  

Salphocyaalc  Hjdrucymic  Perenlpbohydrocjaatc  add. 

«ci4L  add. 

When  moist,  it  is  transformed  sometimes  into  carbonic  anhydride, 
bisulphide  of  carbon  and  ammonia  : 

^Ch}^)     +     ^(h}^)     =     C0«     +     CS-    +     2(NH«) 

Solpbocyaaic  Water.  Carbonic  Blmlptdde  Anunoaiak 

•dd.  anhydride.  of  oirbon. 

sometimes    into    carbonic    anhydride,    sulphuretted    hydrogen    aud 
ammonia : 

fnfs)     +     2(g|0)     =     (CO')     +     (^}s)    +     (NH«) 

Sutphocyanlo  Water.  Oarbonlc  Salphuretted  Ammooia. 

acid.  anhydride.  hydrogen. 

Under  the  prolonged  influence  of  sulphuretted  hydrogen,  it  gives 
ammonia  and  bisulphide  of  carbon : 

f^Js)  +  (g}s)    -    (h}-')  +   «^ 

Solphocyanic  Sulphuretted  Ammonia.  Bisulphide 

acid.  hydrogen.  of  carbon. 

This  reaction  is  analogous  to  that  produced  when  water  acts  on 
cyanic  acid. 

Chlorine  and  nitric  acid  cause  a  yellow  precipitate  of  persulpho- 
cyanogen  in  stdphocyanic  acid,  and  in  solutions  of  the  sulphocyanates  : 


v» 


Sulpbocyanlc  Chlorine.  Hydrochloric  P^rsnlphocyanogen. 

add.  add. 

Seleniocyanlo  Add. — ^Potassic  seleniocyanate  is  obtained  by  calcin- 
ing the  potassic  cyanide  with  selenium.  The  solution  of  this  salt, 
when  added  to  that  of  a  salt  of  lead,  gives  a  precipitate  of  selenio- 
cyanate of  lead,  which,  when  treated  by  sulphuretted  hydrogen, 
furnishes  seleniocyanic  acid.  This  acid  is  very  instable,  and  the  pro- 
ducts of  decomposition  to  which  it  gives  rise  are  imperfectly  known. 

Cyanio  Amides. — Cyanamide  (  ^  [  ^  )  ^  prepared  by  the  action 

of  gaseous  chloride  of  cyanogen  on  ammonia  in  ethereal  solution  ; 
chloride  of  ammonium  is  deposited,  cyanamide  remains  dissolved,  and 
is  obtained  by  evaporating  the  ether  in  a  water-bath. 
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CI 


1 


Chloride  of 
cyanogen. 


2(H 

Ammonia. 


h)- 


Chloride 
of  ammonium. 


+ 


Qyaaamide. 


Under  tbe  influence  of  alkalies,  cyananiide  famishes  ammonia  and 
the  products  of  the  decomposition  of  cyanates  (carbonic  anhydride  and 
ammonia).     If  it  be  heated  to  150^,  it  is  transformed  into  a  polymeric 


alkali,  melamine 


'"(Ih) 


which  is  also  produced  when  melam,  a 


neutral  body  with  which  it  is  isomeric,  is  submitted  to  the  action  of 
boiling  potash.  Melam  itself  remains  as  residue  when  the  sulpho- 
cyanate  of  ammonium  is  decomposed  by  heat. 

When  melamine  is  boiled  for  some  time  with  an  alkaline  solution, 
it  disengages  ammonia,  and  is  successively  transformed  into  amme- 
lino,  ammelid,  and  cyanuric  acid : 


((CNTJII)    ^    (Hjo)     =     (|}n) 


((CN)»JnH«| 


(oh/ 


Molam  and  melamine. 


Water. 


Ammonia. 


Ammeline. 


(c^^)'iD  +  (i}«)  =  (g}^)  +  ((CN)'{| 


ion/ 


OH  I 
OH  / 


Ammeline. 


Water. 


Ammonia* 


Ammelid. 


(CK,{S|^    +    (H|0)     .     |}n)    +    ((CN).0 


lOH  / 

Ammelid 


Water. 


Ammooia. 


Qyannric  add. 


[id/( 


fN 
A  sulphuretted  ammelid  I  (ON)*  <   SH )  is  obtained  by  a  very  com- 

l  SH 

plicated  reaction,  when  persulphocyanogen  is  dissolved  in  hydrosul- 
phate  of  potassium ;  this  body  is  called  sulphomellonic  acid. 

When  ammonia  acts  on  the  solid  chloride  of  cyanogen,  a  body  is 
obtained  representing  melamine,  of  which  one  of  the  NH'  groups  is 

replaced  by  CI.     It  is  chlorocyanamide  I  Cy*  <NH*  L 


Of] 
Cl'f 


+ 


m ' 


ChlorUe 

of  cyanogpn. 


Ammonia. 


K-'SI) 


Chloride  of 
ammonimn. 


+ 


CSiloroqranaiiiide. 


Dioyanamide  (NCy*H)  is  unknown ;  but,  by  the  action  of  a  powerful 
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heat,  many  of  the  cyanic  compounds  give  a  yellow  residue  which  is 
formed  by  the  condensation  of  three  molecules  of  dioyanamide  into  one. 

It  is  hydromellon  I  Cy'  >  N'  I     Liebig,  who  discovered  this  body,  be- 

\H'j      / 
lieving  it  to  be  free  from  hydrogen,  represented  it  by  the  formula 
(C*N*)=n(NCy*),  and  called  it  mellon;  but  Gerhardt,  Laurent,  and 
Woelkel,  have  clearly  shown  that  this  body  contains  hydrogen,  and  has 


the  formula 


(m 


When  heated  with  potassium,  hydromellon  exchanges  H'  for  K',  and 

I  Cv  I      I 
gives  potassic  mellonide  I  t^^  >N'  |.    Boiling  concentrated  potash  trans- 

\H    )     / 
forms  hydromellon  into  potassic  cyamellurate  and  ammonia. 

Chemists  are  not  quite  agreed  as  to  the  reaction  which  takes  place, 
nor  as  to  the  formula  of  cyamellurio  acid,  which  is  (C'H'N^O')  accord- 
ing to  Liebig,  and  (CH^N'O*)  according  to  Gerhardt. 

Tricyanamlde  NCy^  has  not  as  yet  been  obtained,  and  no  polymer  of 
this  body  is  known. 

Constitution  of  Cyanogen  Compounds. — So  far  we  have  admitted 
that  all  the  bodies  jast  studied  contain  the  cyanogen  radicle,  that  is  to 
say,  an  atom  of  carbon,  three  atomicities  of  which  are  saturated  by 
nitrogen. 

However,  such  formuleB  do  not  appear  applicable  to  all  these  com- 
pounds. The  discovery  of  cyanetholine  by  M.  Cloez  proves  that 
among  these  bodies  there  are  isomers  which  must  be  represented  by 
distinct  rational  formulae. 

Hydrocyanic  acid  and  ethers  appear  really  to  contain  the  cyanogen 
radicle.  If  such  be  the  case,  the  hydrogen  and  the  radicles  of  alcohol 
are  directly  united  to  the  carbon,  and  the  transformations  these  bodies 
undergo  under  the  influence  of  hydrating  agents  are  easily  explained : 

(&h4)    =     (C'H*'"^^)     +    2(H«0)     =     (NH*)     +     (C»H*O.OH) 

Cyanide  of  etbyL  Wftter.  Ammonia.  Propionic  acid. 

The  cyanetholine  of  M.  Cloez  also  appears  to  contain  cyanogen  united 
to  ozethyl,  which  explains  clearly  its  decomposition  by  bases  into 
alcohol  and  metallic  cyanate.  The  cyanic  ethers  of  M.  Wurtz,  on  the 
contrary,  do  not  appear  to  belong  to  the  cyanogen  series;  they  are 

-D/  ?  N  j ;  that  is  to  say,  the  radicle 

R'  is  not  united,  directly,  either  to  the  carbon  or  to  the  oxygen,  but 
to  the  nitrogen,  which  is  only  attached  to  the  carbon  by  two  atomi- 
cities, the  other  two  atomicities  of  the  carbon  being  saturated  by 
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oxygen.  It  is  almost  impossible  at  present  to  decide  what  is  the  con- 
stitution of  snlphocyanic  acid,  cyanic  amides,  and  their  condensed  deri- 
vatives :  as  this  is  donbtfiil,  it  is  better  to  retain  the  formnlad  in  which 
03ranogen  is  admitted ;  these  formnUs  are  very  simple,  and  account  for 
most  of  their  reactions. 

Whatever  may  be  the  formnlee  adopted,  the  property  all  these  bodies 
possess  of  being  condensed  is  readily  explained :  if  they  contain  cyanogen, 
that  is  to  say,  a  triatomio  and  monovalent  radicle,  two  atomicities  of 
this  radicle  remain,  by  which  it  can  unite  with  itself;  if  they  are 
carbonic  imides,  they  contain  the  biatomic  radicle  CO",  which,  like  all 
polyatomic  radicles,  possesses  the  property  of  accumulating  in  mole- 
cules. 

In  the  following  table,  we  will  place  side  by  side  the  rational  for- 
mulsB  of  the  known  cyanogen  compounds,  considered  as  containing 
cyanogen  or  as  being  carbonic  amides.  But  it  is  important  to  remark 
that  those  formulso  which  belong  to  possible  bodies,  indicate  isome- 
risms, and  cannot  be  considered  as  different  methods  of  explaining  the 
composition  of  the  same  bodies. 

Among  these  possible  isomerisms,  only  one  is  known  with  certainty ; 
it  is  that  of  the  cyanetholine  of  M.  Clooz  and  the  cyanate  of  ethyl  of 
M.  Wurtz. 


FoRMtTLiB  m  WHICH  THE  CtANOOEN 

Badicle  Cy  =  CN  is  admitted. 

Cyl  CN) 

Cyf     =     CNf 

Free  cyanogen. 


} 


Cy"\     _     CN* 

Cyf    ~    CN" 

Pankqjanogen. 

Cy{    _    CN1 

H  f     -       Hf 

HydrocTinic  add. 

Cyl    _    CNJ 

M'f     -      M'l 


Simple  qranldeiL 

Cy-)  CN-1 

M-f     "       M"f 

Qranidee  of  poljatomic  radlcki. 

(>  CN 

Qjranbjdrine. 


.\L'*t 


(Fe 


i™!;!™"} 


FcfTocjanidea. 


FORMULJE   IN   WHICH  THE  CyANOOBN 

Kadicle  18  NOT  Admitted. 

c^In* 

(C^  |n«)- 

FaniQjanogen. 
Hydrocyanic  add. 

<^"In 

Stanple  cyanldea. 

M"f^ 

Qyanldm  of  polyatomic  radicles. 

TfoJU 

C"J 

Qyanhydrina. 

C"*Fe"l 
C"»M'*  VN* 
C"*M'«  I 

•  ^ 

Fpi  fouy  anidca. 


( 
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(Fe«Cy"ri     ^     (Fe*[CNp) 


F^rricyaDldM. 


Omwrn  and  liquid  chloride  of  cyftQogen. 


c 
c 


Solid  chlorMc  of  cjanogea. 

Br  f     -      Brf 

Bromide  of  cyanogen. 


Iodide  of  cyanogen. 


Qyanic  add. 


Dicyanic  acid. 


Sfo- 


Qyanaric  add. 
Cyanate  of  ethyl  of  M.  Cloes  (cyanetholinp). 

Cy)  cm 

hIn     =       HVN 

hJ  hJ 

Cyanamlde, 


fNH'  (NW 

Cy'^Nff     =     (CNWnH^ 

(nip  iNff 

MeUmine. 


Cy» 


fNH*  fNH» 

NH"     =     (CN)'^NH« 
OH  [Ofl 

Ammeline. 


Fenii(7aoidea. 


C3f^ 


Gaaeoofl  aud  Uqirid  dloiiAe  of  cjHugn. 
SoUd  chloride  of  (^anogen. 


C" 


t 


N 


Br 

Bromide  of  cyanogeo. 


1- 


C" 

Iodide  of  (^aoogoi. 


00"}  N 

Qyanic  add  (caibimlde). 

CO"^ 
CO"  ^N« 
H* 

Dlcyanlc  acid  (dicarbo-diamide). 

CO" 
CO"  I 
CO"  ^^ 
H» 

Qyanniic  add  (tricirbo-tziandde). 

CO"  )  ^ 

Cyanate  of  ethyl  of  M.  Wnrtz  (ethyl-earblmide). 


Cyanamide. 
Melamtne. 


.N* 


C"^ 

CO' 

H* 

Ammeline. 


,»VN' 
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CyVOH      =     (CNWOH 
OH  (OH 

Ammelld. 


Cy* 


fNH' 


(KW 


SH 
SH 


SH      =     (CN)V 
SH  \ 

Suli^mellonk  acid. 

fNH«  fNH« 

i  CI  l   CI 

CbloTo-cniuimld^. 


y  =  LccN^7}>^ 


(Cy')'kn    _ 

H« 

Hydromellon. 

(cry)  L(CN)7] 

H  VN"     =  H  VN* 

M'«J  M'^J 

Mellonlden. 

IN'"  IN'" 

(Cy7  8S    =    ([C^^D"  OH 

loH  lOH 

Cyamelnrlc  add. 


Cy»N     =     (CN)»N 

Tiicyiuuunlde  (anknowii). 

Cy')  rCNV) 

Cy'VN'     =     (CnMn* 
Cy-J  (CN)>j 

Polymer  of  tricyaiuunlde  (anknown). 


(C0")'| 
ll-j 

AmmoUd. 

(CS")»1 

Snlpbomellonic  acid. 

C'HM 

C^HVN* 

C^ClJ 

Chloro-cyanamide. 

(C'^)»H) 

(c^/hJ 

Hydroinelloo. 

(C^^H) 

(c^Vm'VN' 

Melloniden. 

C^.C^.H) 

C'\CO".HyN^* 

C»^CO".HJ 

Cyamelnrlc  add. 
Trlcyaiiamide  (anknown  . 

((TV) 

(C")>j 

Polymer  of  tricyanamide  (unknown). 


CABBONIC  AMIDES. 

When  speaking  of  lactic  and  analogous  acids,  we  said  that,  besides 
two  isomeric  monamides,  each  of  these  acids  should  be  able  to  give  rise 
to  a  diamide,  but  that,  up  to  the  present  time,  none  of  these  diamides 
could  be  prepared.     Moreover,  we  saw  that  carbonic  acid,  the  first 

*  In  the  first  edition  the  formnla  (O^H^N^*)  propofled  bj  Gerhardt  for  cyamelurio 
acid  was  adopted.  But  since  then  Liebig  has  shown  that  the  true  formula  of  this 
body  is  (G>H>N70>).  If  Gerhardt's  fonnula  were  correct,  the  rational  formula  of  this 
aoid  wonld  be — 


r(NH)" 


(Cyl^KNH)" 


(OH)' 
UOH)' 


=      ([CN]»)» 


r(NH)" 

(KH)" 

(OH) 

(OH) 


I, 


or  C^lN* 


2  z 
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tenn  of  the  series  to  which  lactic  acid  belongs,  differs  from  its  homo- 
logues ;  that  it  is  not  biatomic  and  monobasic  like  these,  but  biatomic 
and  bibasic. 

Now  biatomic  and  bibasic  acids  are  capable  of  giving  nentral  diamidos, 
amic  aoids,  and  imides. 

We  may  therefore  expect  three  ammoniacal  deriyatives  of  carbonic 

acid:  (h?''}0") 

,  .  .[T}o 


1st.  Carbamic  acid 


N 


2nd.  Carbimide   . 


CO" 
H 


I" 


CO" 
3rd.  Carbo-diamide  .      .      .        H'VN' 


H 


't 


Other  derivatiyes,  snch  as  dicarbo-triamide  I  CO"  >N'  L  etc.,  belonging 

\  H'J     [ 
to  more  condensed  types,  may  also  be  looked  for. 

Carbamic  acid  has  not  as  yet  been  obtained  in  a  free  state,  but  an 
ammoniacal  salt  of  this  acid  is  formed  when  carbonic  anhydride  acts  on 
ammoniacal  gas : 


(C0"0)        +        2(SW) 


H 


Carbonic  Ammonia.  Garbanute  of  ammoniiim. 

anhydride. 

Bodies  are  also  known  which  only  differ  from  carbonic  acid  by  the 
substitution  of  a  radicle  of  alcohol  or  phenol  for  an  atom  of  hydrogen. 

Such  is  phenyl-carbamic  or  anthranilic  acid  I  L        V^«mn^l»  ^^ch 

'  Hi/ 

is  obtained  by  the  action  of  potash  on  indigo. 

(CO" )     \ 
2  >  N  j  is  probably  identical   with  cyanic  acid. 

(CO" )     \ 
m  [N' J  also  exists ;  it  is  known  as  urea.     Its  four 

atoms  of  hydrogen  may  be  replaced  by  radicles  of  acids  or  of  alcohols, 
in  which  case  compound  ureas  are  produced. 

Lastly,  there  is  the  dicarbo-triamide  (^      Wi^P  known  as  hiureiy 

which  is  formed  when  urea  is  submitted  to  a  temperature  of  1 70^  for 
some  time. 
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Of  all  the  carbonic  amides,  the  only  ones  possessing  much  interest 
are  carbo-diamide  and  its  derivatives,  that  is  to  say  the  ureas,  com- 
prising under  this  general  title  both  simple  nrea  and  the  compound 
ureas. 


UREAS. 

SIMPLE  URKA. 

Urea  exists  ready  formed  in  urine,  from  which  it  may  bo  extracted 
by  the  following  process : 

The  urine  is  evaporated  to  about  the  sixth  part  of  its  volume,  then 
nitric  acid,  free  from  nitrous  products,  is  added  to  the  syrupy  liquid.  A 
sparingly  soluble  compound  of  nitric  acid  and  urea  (nitiate  of  urea)  is 
formed,  and  precipitated  along  with  some  colouring  matters.  This 
precipitate  after  being  collected  on  a  filter,  is  dissolved  in  boiling  water, 
powdered  animal  black  being  added,  and  the  hot  liquid  is  filtered. 
Perfectly  white  nitrate  of  urea  is  deposited  on  cooling.  In  order  to 
extract  the  urea  from  this  salt,  it  la  dissolved  in  boiling  water,  and 
barytic  carbonate  is  added  to  the  solution,  which  is  filtered  in  order  to 
separate  any  excess  of  the  carbonate,  and  then  crystallized ;  the  barytic 
nitrate  first  crystallizes  and  then  the  urea.  To  remove  the  last 
traces  of  the  former  from  the  urea,  it  is  crystallized  from  alcohol,  which 
does  not  dissolve  the  barytic  salt. 

Urea  may  also  be  obtained  Bynthetically,  and  by  several  different 
processes. 

Firsi  Process. — Cyanic  acid  is  combined  with  ammonia,  or  what 
comes  to  the  same  thing,  solutions  of  amraonio  sulphate  and  potassic 
cyanate  are  mixed  ;  urea  is  then  produced  by  double  decomposition  : 

(Tyantc  acid.  Ammonia.  Urea. 

It  is  very  easy  to  understand  this  method  of  preparation,  if  it  be 
remembered  that  cyanic  acid  is  a  carbonic  imide.  It  has  been  seen, 
moreover,  that  ihe  imides  are  derived  from  diamides  {see  Amides)  by 
the  elimination  of  ammonia,  and  that,  on  the  other  hand,  the  diamides 
may  be  prepared  by  fixing  ammonia  on  the  imides. 

Second  ProceM.— Ammonia  is  made  to  act  on  the  carbonate  of  ethyl : 

((C.fl?;)0')    +    2(NH')     =     ^ffJN'^    +    ^C^'}0) 

CarboDftte  of  ethyl.  Ammonia.  Urea.  Alcohol. 

These  two  bodies  should  be  heated  for  some  time  in  a  hermetically- 
sealed  tube. 

2  z  2 


i 
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Third  Process. — ^Urea  is  also  produced  in  the  reaction  of  ammoniacal 
gas  on  the  chloride  of  carbonyl ;  chloride  of  ammonitiin  is  formed  at 
the  same  time.  These  two  bodies  are  separated  by  means  of  absolute 
alcohol,  which  dissolves  only  the  urea : 

{Z})    +    «CH-)     -     ^(^\)    +    (1}n-) 

Chloride  of  Ammonifc.  Chloride  of  Urea. 

carbooyL  ammflniaip. 

Fourth  Process.— Bt.  Williamson  has  obtained  urea  by  heating 
oxamide  with  mercuric  oxide  over  a  spirit  lamp  until  the  mass 
assumes  a  greyish  appearance,  dissolving  in  boiling  water,  filtering 
and  crystallizing : 

/^IkA    +    (Hg"0)     =     Hg"    +    (CO*)    +    (gM 

Oxamide.  Mercuric  Mercory.  OarboDic  Urea. 

oxide.  anhydride. 

ly^  Process, — Urea  appears  to  be  produced  when  a  solution  of 
sulphocyanate  of  ammonium  is  heated  with  oxide  of  silver : 

((nS)}n)     +    (AgH))     =     (Ag^)     +     (^:(k«) 

Ammonio  Oxide  of  Sulphide  Urea, 

ralphoqraiute.  lilTer.  of  diver. 

This  reaction  yields  very  little  product,  because  as  the  urea 
is  formed  it  is  destroyed  by  the  simultaneous  action  of  water  and  heat. 

Sixth  Process. — Nitrate  of  urea,  and  consequently  urea,  is  formed 
when  nitric  acid  is  added  to  an  ethereal  solution  of  cyanamide : 

f g-l  ^O  +  (SI  0)  -  (T w 

cyanamide.  Water.  Urea. 

Lastly,  urea  is  produced  in  a  number  of  reactions :  by  the  action  of 
the  alkalies  on  creatine,  of  nitric  acid  on  allantoin,  of  oxidizing  agents 
on  uric  acid,  of  hydrosulphuric  acid  on  the  ammoniacal  fulminate  of 
copper,  etc. 

Properties. — 1st.  Urea  crystallizes  in  prisms  with  a  square  base ;  it 
is  soluble  in  water  and  alcohol,  and  very  sparingly  so  in  ether. 

2nd.  When  brought  into  contact  with  certain  salts  containing  water 
of  crystallization,  it  separates  this  water,  and  the  solid  mass  becomes 
pasty.  This  action  is  the  more  singular  as  urea  has  no  affinity  for 
moisture. 

3rd.  Under  the  influence  of  heat,  urea  first  melts,  then  disengages 
ammonia,  and  leaves  a  residue  of  biuret ;  if  greater  heat  be  applied, 
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this  latter  in  its  turn  loses  carbonio  anhydride  and  ammonia,  and  is 
transformed  into  ammelid : 


Urea. 


Ammonfa. 


Biuret. 


(I'H  - 


Biuret 


+       (CO")      +      2(NH») 


Carbonic 
anbydrlde. 


AmmoDia. 


4th.  Chlorine  decomposes  an  aqueous  solution  of  urea  into  carbonic 
anhydride,  nitrogen,  and  hydrochloric  acid ;  but  if  dry  chlorine  be 
transmitted  through  melted  urea,  hydrochloric  and  cyanuric  acids, 
hydrochlorate  of  ammonia  and  nitrogen  are  produced : 


(IW 


+  {» 


+ 


(S!)  = 


Urea. 


Water. 


CSiIorlne. 


(C0>)     + 


Carbenic 
anhydride. 


N| 

Nitrogen. 


Hydrochloric  add. 


(1'H  +  HSD  -  rm  +  »(S() 


Urea. 


Chlorine. 


+ 


Chloride  of 
anunoniojn. 


Cyanuric  add. 


+   n} 

Nitrogen. 


Hydrochloric 
add. 


5iL  Urea,  when  heated  with  water  to  a  temperature  of  140^  in  a 
hermetically-sealed  tube,  absorbs  two  molecules  of  this  liquid,  and  is 
transformed  into  carbonate  of  ammonium : 


Urea. 


Water. 


Carbonate  of  ammoolum. 


An  analogous  reaction  takes  place  when  urea  is  left  with  the  organic 
ferments  produced  in  iu*ine,  or  when  urea  is  acted  upon  by  boiling 
alkalies  or  acids.  In  this  case,  instead  of  the  ammonio  carbonate,  pro- 
ducts of  its  decomposition  by  the  alkalies  or  acids  are  obtained. 
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6th.  Kitrous  acid  tranfiforms  urea  into  carbonic  anhydride,  water, 
and  nitrogen : 

Urea.  Nltxousadd.  Nltncen.  Ckrbonlc 

anbjdridr. 

+  Ki!°) 

Water. 

These  two  latter  reactions  of  urea  might  be  foreseen;  they  are 
identical  with  those  produced  with  all  the  amides. 

7th.  A  mixture  of  solutions  of  urea  and  of  nitrate  of  silver  is  conTerted 
by  evaporation  into  nitrate  of  ammonium  and  cyanate  of  silver.  This 
fact  is  not  surprising,  as  though  urea  does  not  possess  the  properties 
either  of  the  cyanates  or  of  the  ammoniaoal  salts,  it  has  the  composition 
of  cyanate  of  ammonium : 

Urea.  Nitrate  of  silver.  Cyanate  of  AmmoDlc  nitrate. 

aUyer. 

8th.  Urea  unites  directly  with  acids  in  the  same  way  as  the  alka- 
loids ;  it  does  not,  however,  combine  either  with  lactic,  uric,  or  hip- 
puric  acid. 

Though  derived  from  two  molecules  of  ammonia,  urea  manifests 
mon-acid  properties.  A  single  molecule  of  nitric  or  hydrochloric 
acid  is  sufficient  to  saturate  it. 

Urea  may  also  unite  with  salts,  properly  so  called,  instead  of  with 
acids ;  thus,  besides  the  nitrate  of  urea  (CH^2s'0,NnO'),  there  exists  a 
combination  of  urea  and  sodic  niti-ate  (GH^N'O.NNaO') ;  besides  the 
hydrochlorate  of  urea  (CH*N*0,HC1),  there  is  the  chloride  of  sodium 
and  urea  (CH*N«0,NaCl),  eta 

9th.  Urea  also  combines  with  certain  metallic  oxides,  such  as 
mercuric  oxide  or  oxide  of  silver ;  for  instance,  the  compounds 
(CH*N"0,Hg"0)  ;  [(CH*N«0)*(Hg"0)«]  ;  (CH*N*0(Hg"0)')  ; 

[(CH*N'0)»(Ag»0/]  are  known. 

Determination  of  the  Proportion  of  Urea  contained  in  Urine.— 
Several  methods  have  been  proposed  for  this  object.  The  following 
are  the  principal : 

1st  M.  Heintz  weighs  a  quantity  of  fresh,  cold  urine  contained  in  a 
glass  having  a  capacity  of  25  cubic  centimetres.  He  divides  this  urine 
into  two  parts,  to  the  first  of  which,  weighing  from  6  to  8  grammes,  he 
adds  a  few  drops  of  hydrochloric  acid,  and  sets  it  aside  for  twenty-four 
hours  in  a  cool  place.     Uric  acid  is  deposited,  and  is  separated  by 
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filtration.  Six  grammes  of  salphtiric  aoid  are  added  to  the  filtered 
liquid,  which  is  put  into  a  platinum  crucible  and  gently  evaporated 
until  gas  begins  to  be  disengaged.  The  crucible  is  then  covered  with 
a  watch-glass  and  heated  until  the  acid  Yapoxirs  completely  fill  it. 
The  temperature  may  be  carried  m  high  as  180°. 

When  the  reaction  is  completed,  the  liquid  is  filtered  into  a  porce- 
lain capsule,  and  evaporated  almost  to  dryness,  and  hydrochloric  acid 
and  platinic  chloride  are  added  to  the  residue.  The  precipitate 
is  collected  on  a  filter,  and,  when  well  washed,  is  dried  and  weighed. 
This  gives  the  weight  of  the  double  chloride  of  ammonium  and 
platinum,  arising  &om  the  sulphate  of  ammonium  formed  by  the  de- 
composition of  the  urea  and  the  ammoniacal  salts  existing  in  the  urine, 
combined  with  the  weight  of  the  double  chloride  of  platinum  and 
potassium  arising  from  the  potassic  salts  contained  in  the  urine. 

The  second  portion  of  the  urine  is  precipitated  by  platinic 
chloride.  The  precipitate  is  collected  and  wa^ed  with  the  usual 
precautions ;  it  contains  double  chlorides  formed  at  the  expense  of  the 
potassic  and  ammoniacal  salts  of  the  urine.  It  is  evident  that  if  we 
deduct  its  weight  (of  course  reduced  by  calculation  to  the  same 
quantity  of  urine)  from  that  of  the  first  precipitate,  the  difference  will 
give  the  quantity  of  the  platino-ammoniacal  chloride  which  accrues 
from  the  urea.  Then  the  weight  of  this  urea  decomposed  may  be 
easily  calculated ;  we  have  only  to  remember  that  two  molecules  of 
the  double  chloride  correspond  to  one  molecule  of  urea. 

2nd.  M.  Bunsen  recommends  a  known  weight  of  urine  to  be  satu- 
rated with  a  great  excess  of  chloride  of  barium,  the  precipitate  due  to 
the  salts  contained  in  the  urine  to  be  removed  by  filtration,  and  the 
liquid  to  be  heated  to  between  220^  and  240''  in  a  hermetically-sealed 
tube.  The  carbonate  of  ammonium  which  is  formed  gives,  in  presence 
of  the  chloride  of  barium,  a  precipitate  of  barytic  carbonate,  from  the 
weight  of  which  that  of  the  urea  may  be  deduced ;  in  fiict,  each  .mole- 
cule of  this  salt  represents  a  molecule  of  urea. 

3rd.  M.  Millon  determines  the  proportion  of  urea  by  means  of  its 
decomposition  by  nitrous  acid.  He  treats  15  or  20  grammes  of  urine 
by  an  acid  solution  of  mercuric  nitrate  containing  nitrous  fumes. 
He  transmits  the  gases  which  disengage,  first  over  pumice-stone 
moistened  with  sulphuric  acid  to  absorb  the  nitrous  vapours,  then  into 
a  tube  with  Liebig's  bulbs  containing  a  solution  of  potash  to  retain 
the  carbonic  anhydride.  The  weight  of  the  urea  is  ascertained  by 
multiplying  that  of  the  carbonic  anhydride  obtained  by  1  '3636. 

4th.  M.  Leoomte  has  recourse  to  the  action  exercised  by  chlorine  on 
an  aqueous  solution  of  urea.  He  places  the  urine  in  a  small  globe 
from  which  the  air  is  displaced  by  means  of  a  current  of  carbonic  acid 
gas,  then  he  transmits  a  current  of  chlorine  into  the  globe,  which  is 
gently  heated.  The  gases  which  disengage  are  received  into  a  bell- 
glass  containing  a  solution  of  potash,  over  mercury,  to  absorb  the 
hydrochloric  acid,  carbonic  anhydride,  and  excess  of  chlorine.     At  the 
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doee  of  the  operation  all  the  nitrogen  contained  in  the  apparatus  is 
displaced  by  again  transmitting  carbonic  acid  gas  into  it,  and  the 
nitrogen  contained  in  the  small  bell-glass  is  measured.  Knowing  the 
density  of  the  nitrogen,  its  weight  is  deduced  from  its  volnme,  and  by 
means  of  this  weight  that  of  the  urea  is  calculated.  We  know  that 
N'  correspond  to  a  molecule  of  this  body,  that  is  to  say,  that  28  parts 
by  weight  of  nitrogen  represent  60  parts  of  urea. 

5th.  M.  Liebig  prepares  a  normal  volumetric  solution  of  mercuric 
nitrate  without  excess  of  acid,  and  adds  this  to  the  unne  until  preci- 
pitation ceases.  From  the  quantity  of  the  solution  employed  he  deduces 
the  quantity  of  the  urea,  having  first  ascertained  the  quantity  required 
to  precipitate  a  known  weight  of  pure  urea  from  its  soluticm  in 
water. 

In  this  process,  however,  the  precipitation  is  not  complete,  because 
the  acid  which  is  liberated  at  the  same  time  retains  a  portion  of  the 
urea  in  solution.  In  order  to  obviate  this,  when  precipitation  ceases 
the  liquid  must  be  exactly  saturated  with  baryta  water,  more  of  the 
mercuric  nitrate  added,  and  so  on  till  it  finally  ceases  to  produce  any 
precipitation. 

M.  Liebig's  process  may  be  used  to  extract  urea  from  the  blood. 
After  separating  the  clot  which  forms  spontaneously,  and  coagulating 
the  albumen  by  heat,  the  liquid  is  filtered  and  the  urea  precipitated 
from  it  by  means  of  the  mercuric  nitrate.  The  precipitate  is  collected 
on  a  filter  and  washed,  and  then  suspended  in  water  and  decomposed 
by  a  current  of  sulphuretted  hydrogen.  Sulphide  of  mercury  is  thrown 
down,  and  the  urea  remains  in  solution :  after  filtering,  the  proportion 
of  the  urea  is  ascertained  by  one  of  the  above-mentioned  processes.  It 
could  not  be  at  once  determined  in  the  serum,  as  this  contains  too 
small  a  quantity,  and  therefore  must  first  be  concentrated. 

COMPOUND  UBEA8. 

Compound  ureas  are  those  bodies  which  represent  urea  the  hydrogen 
of  which  is  wholly  or  partly  replaced  by  radicles  of  alcohols  or  of 
acids. 

The  compound  ureas  having  alcohol  radicles  may  contain  radicles  of 
monatoraic  alcohols,  in  which  case  they  belong  to  the  same  type  as 
urea ;  or  they  may  contain  radicles  of  polyatomic  alcohols,  when  they 
belong  to  a  more  condensed  type. 

We  must  therefore  consider:  Ist,  those  which,  like  simple  urea, 
belong  to  the  type  N^H' ;  and  secondly,  those  belonging  to  a  more 
condensed  type. 

Ureas  belonging  to  the  Type  N"H'. 

Among  these,  there  are  some  which  contain  the  radicles  of  alcohi^]^ 
and  some  are  known  containing  sulphur  and  phosphorus  among  their''  *^ 
elements* 
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Ureaa  which  contain  Radicles  of  Alcohols, 

One,  two,  three,  or  four  atoms  of  the  hydrogen  of  ordinary  urea  may 
be  replaced  by*  radicles  of  monatomio  alcohols ;  thence  uveas  of  the 
first,  sec6nd,  third,  or  fourth  degree.  -^ 

In  order  to  denominate  the  compound  ureas,  the  word  urea  is  pre- 
ceded by  the  name  of  the  radicle  or  radicles  which  enter  into  their 
composition,  and  these  radicles  are  themselves  preceded  by  the  syllables 
di,  tri,  teira,  to  indicate  the  number  of  molecules  of  each  of  them.  Thus 
we  say  ethyLurea,  diethyl-urea,  ethyl- amy  1-urea,  tetrethyl-urea,  etc. 

Mon-alooholic  Ureas. — Preparation.  —  These  ureas  are  prepared 
either  by  'causing  cyanic  acid  to  act  on  primary  monamines,  or  by 
causing  ammonia  to  act  on  the  cyanic  ethers  : 


('S>0       +        flJN)        =        (c«h'3}n.) 


Qyonic  add.  Ethylamine.  Rthyl-areft 

(etbyl-carbcMlUmMe) . 

Cy«uiAte  of  ethyL  Ammoaiji.  Etbyl-nrpa. 

PuorERTiES. — AVhen  treated  with  alkalies,  these  ureas  give  an 
alkaline  carbonate  and  disengage  a  mixture  of  ammonia  and  a  primary' 
monamine : 

Ethyl-uret,  Pbtaab.  Potaolc  carbonate.  Ammooia. 

/cm']   \ 

+  (  ih) 

Ethylamine. 

According  to  M.  Yolhard,  the  ureas  obtained  by  the  action  of  cyanic 
acid  on  primary  monamines,  and  those  obtained  by  treating  the  cyanic 
ethers  by  ammonia,  are  not  identical  though  they  are  resolved  into  the 
same  products  under  the  influence  of  potash;  there  will  be  found 
certain  physical  differences  between  them. 

Di-alcoholio  Ureas. — ^Preparation. — First  Process, — ^These  ureas  may 
be  obtained  by  causing  a  primary  monamine  to  act  on  a  cyanic  ether : 

Ethylamlm  to  of  ethyl.  DIetiiyl-Qrea. 
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Second  Process, — Thej  may  also  be  obtained  by  treating  the  cyanic 
ethers  with  water : 


2 


(CO"]     \ 
(c«HT|^-'J  +  ((xr.o) 

cyanic  cCber.  Water.  Dketbjl-iinA.  GBrbooic 

•nk^dride. 

It  is  probable  that  this  reaction  is  accomplished  in  two  stages ;  first 
a  molecule  of  cyanic  ether  is  transformod,  under  the  inflnenoe  of  water, 
into  primary  monamine  and  carbonic  anhydride,  and  then  the  primary 
monamine  unites  with  a  second  molecule  of  cycoiic  ether  to  form  a 
dialcoholic  urea  : 

First  Stage. 

HJNj    +     (CO-.O) 

Cyvnlc  etixrr.  Water.  EthTlamine.  Cubooic 

anhydride. 

Skcond  Staqe. 

Cyautc  ether.  EthyUxnine.  Diethyl-urea. 

Third  Process. — These  compounds  may  also  be  prepared  by  the 
action  of  a  secondary  monamine  on  cyanic  acid : 

cyanic  add.  Dlethylamlne.  Dietbylnrea. 

1*R0PERT1ES. — 1st.  Under  the  influence  of  alkalies,  the  ureas  obtained 
by  the  action  of  cyanic  ethers  on  primary  monamines  are  resolved  into 
an  alkaline  carbonate  and  two  molecules  of  primaiy  monamines : 

^(CmO^JN")    +     2(h)  «)     =     fSfo")    +    (^}^) 

IMcUiyl-iirea.  Piutash.  Potassic  carbonate.  EUiylamlne. 

/  C«H»1     \ 

^  ( sr) 

Ethylamiiit'. 
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2nd.  The  nreas  obtained  by  the  action  of  water  on  cyanic  ethers 
act  in  the  same  manner  under  the  influence  of  the  alkalies,  which  fact 
supports  our  view  of  their  mode  of  formation. 

3rd.  The  nreas  obtained  by  means  of  secondary  monamines  and 
cyanic  acid  are  decomposed  by  alkalies  into  alkaline  carbonate,  ammo- 
nia and  secondary  monamines : 

^((^|n«J    +     2(|}0)     =     {%](y)    +    (h|nJ 

DIethyl-nrea.  Potasb.  Pbtaaric  carboiuitt^.  AmmonU. 


(CHJK 


DiethylAmine. 

The  differences  observed  between  ureas  belonging  to  the  same  degree 
of  substitution,  according  to  the  manner  in  which  they  have  been  pre- 
pared, tend  to  prove  that  in  these  bodies  the  cyanic  group  and  the 
ammoniacal  group  remain  more  or  less  distinct.  Under  the  influence 
of  alkalies,  the  ammoniacal  group  becomes  free,  and  the  cyanic  group 
is  decomposed  as  if  it  were  alone. 

When  the  urea  contains  cyanate  of  ethyl  as  the  cyanic  group,  and 
ethylamine  as  the  ammoniacal  compound,  the  potash  first  splits  it  up 
into  ethylamine  and  cyanate  of  ethyl.  The  latter  is  then  decomposed, 
producing  alkaline  carbonate  and  liberating  a  second  molecule  of 
ethylamine. 

If,  on  the  contrary,  the  urea  contain  cyanic  acid  and  diethylamine, 
this  secondary  monamine  is  first  separated  from  the  cyanic  acid  and 
then  the  potash  decomposes  this  latter  body,  giving  rise  to  potassic 
carbonate  and  ammonia.  Instead  of  two  molecules  of  ethylamine 
being  formed  as  in  the  preceding  case,  one  molecule  of  diethylamine 
and  one  of  ammonia  are  obtained. 

lliis  isomerism  may  be  expressed  by  the  following  formulaa : 

/     rN.H'c»H\  /     fOK\  /     {(m\ 

t.  IC^O"  I  +  2(H.0K)  =  IC^O"  I  +  2(N^     H  I 

\    In.H.C*H7  \    iOK/  \     i    H/ 


1st. 

Dtetbyl-area.  Potaab.  I\>taflaic  cvbooate.  Etbjlamlne. 


/     (N.C»H*.C»H\  /     fOK\ 

DIethylamiiic.  Puiash.  Potassic  cartwnate.  Ammoola. 


+ 


Dletbylaiiiiiie. 
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Trl-alooholio  Ureaa. — No  nrea  of  this  order  is  known  as  yet    M. 
Wurtz   believed    he    had  obtained    one    by    causing    dieihylamine 
to  act  on  cyanic  ether,  but  afterwards  he  perceived  that  the  product 
obtained  was  diethyl-nrea,  formed  by  the  reaction  of  cyanate  of  etihyl 
on  the  water  contained  in  the  diethylamine.   Perhaps  trialcobolic  ureas 
might  be  obtained  by  heating  dialcoholio  nreas  with  a  hydriodic  ether. 

Tetr-aloohoUc  Ureas. — M.  Hofmann  appears  to  have  obtained  the 
tetrethyl-nrea  by  ti-eating  cyanic  acid  with  the  hydrate  of  tetrethjl- 
ammonium.    The  properties  of  this  body  are  unknown. 

Ureas  having  Acid  Ro/dides. 

Preparation. — M.  Zinin  has  succeeded  in  subetitating  acid  radicles 
for  an  atom  of  hydrogen  in  urea,  by  heating  this  body  with  an  acid 
chloride : 

Urea.  CMorideof  Acetyl-urea.  Hydrochloric 

ftoetji.  add. 

We  have  already  seen  that  M.  Poensgen  has  obtained  cjanurea  by  a 
similar  process,  viz.,  by  heating  urea  with  iodide  of  cyanogen. 

Up  to  the  present  time  no  uveas  have  been  obtained  in  which  more 
than  one  atom  of  hydrogen  is  replaced  by  acid  radicles. 

Properties. — When  an  urea  having  an  acid  radicle  is  heated,  ii 
splits  up  into  cyannric  acid  and  an  amide  of  the  acid  which  the  urea 
contained : 

AoetyUorea.  Cyanorfo  add.  Aoetamide. 

Svi]^hureUed  and  Phosphuretted  Ureas, 

By  substituting,  in  the  preparation  of  compound  ureas,  a  sulphocyanic 
ether  for  the  cyanic  ethers  and  a  phosphine  for  the  amines,  M.  Hof' 
mann  has  obtained  an  urea  haying  four  alcohol  radicles,  the  oxygen  of 
which  is  replaced  by  sulphur  and  half  the  nitrogen  by  phosphorus : 

SulphcK^anate  of  Trietbyl-phMphlne. 

pbenyl. 

Ureas  belonging  to  a  more  Condensed  Type. 

On  treating  bichloride  of  ethylene  diammouium  with  cyanate 
of  silver,  and  separating  the  product  from  the  insoluble  chloride  of 


i 
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silver  by  means  of  water  and  alcohol,  M.  Volhard  bas  obtained 
ethylenic  urea,  which  is  formed  by  the  union  of  two  molecules  of 
cyanic  acid  with  one  molecule  of  ethylene  diamine : 

C0"1 
CO" 
C^H*" 
H« 


[nif] 


-  KV ")  - 


i-N*!   =  (O^H'-N^O*) 


Bichloride  of  ethylene- 
diamxnoDiaxn. 


Cjaoajte  of  illver 

+ 


"v- 


Etbylenic  urea. 


''%]) 


(• 


OiUnrlde  of  silver. 


Under  the  influence  of  potash,  this  urea  is  transformed  into  potafisic 
carbonate,  ammonia  and  ethylene-diamine  : 

CO" 


N^ 


EthyleDic  urea. 


+     4 


(1(0)  =  KT.}"-)  H-  ^(«}k) 


PotABh 


Potassic  carbonate. 


Ammonia. 


+ 


{  Wl 

EtbyleneMtiamlne. 

Ethylenic  urea  combines  with  hydrochloric  acid  in  presence  of 
platinic  chloride,  and  gives  rise  to  a  double  chloride  whose 
formula  is  [(C*H"N*0»y(HCl)*,PtCl*J.  Though  derived  from  four 
molecules  of  ammonia,  this  urea  retains  the  characters  of  a  simple 
molecule  of  ammonia ;  it  is  a  mon-acid  tetramine. 

On  submitting  cyanate  of  silver  to  the  action  of  diethylic  dibromide 
of  ethylene-diammonium,  M.  Volhard  has  obtained  the  diethylic- 
ethylene  urea  a  (C»H»«N*0») : 

— /  C'H^ 


ah) 


Qranateof 
BiWer. 


+ 


Diethylic  dibromide  of  ethylene- 
dlammonium. 


(i?D 


Bromide  of 
silTer. 


+ 


N^ 


C0"-| 
CO" 
C'H*" 
(CH'V 

H* 

Diethylic  ethylene-nrea. 


A 
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This  urea  is  decomposed  by  potaAh  in  the  same  manner  as  the  pre- 
ceding one,  Punishing,  like  it,  diethylic  ethylene- diamine,  ammonia, 
and  potassic  carbonate. 

On  adding  ethylene-diamine  to  cyanate  of  ethyl,  M.  Yolhard  has 
obtained  an  nrea  which  possesses  the  same  composition  as  the  pre- 
ceding one,  diethylic-ethylene  nrea  p : 


CI}-)  +  K^.} ")  = 


Ethylene-diAmtiic. 


Cyanatfeofetlijl. 


CO" 
CO" 

cm"' ,  jj. 
(C'H'yp 

H»J 

Diethylic  ettiyleiie-iirM. 


Ilowever,  these  two  snbstances  are  not  identical;  the  diethylio 
ethylene  urea  j3,  instead  of  giving  diethylic  ethylene-diamine  and 
ammonia  under  the  influence  of  alkalies,  gives  ethylene-diamine  and 
othylamine : 


+ 


<i|o) 


=      2 


(T-l  0-) 


n 


Diethylic  ethyloie'Urra. 


I\>taah. 


Potanic  carbonate. 


EthyUmine. 


+ 


/cir" 
\    IP 


Etbylrne^liamine. 


ITie  isomerism  obsei'ved  between  these  two  diethylic-ethlyene  ureas, 
is  of  the  same  kind  as  that  we  have  described  between  the  diethyl- 
urea  obtained  by  ethylamine  and  cyanic  ether,  and  that  obtained  from 
cyanic  acid  and  diethylamine. 


QUOrONIC  aBOUF  AND  ITS  HOKOIiOaxrES& 

There  exists  in  the  cinchonas  an  acid,  qninio  acid  (CTI*'0'),  which 
to  a  certain  extent  belongs  to  the  benzoic  series.  M.  Lautemann  has 
shown  that,  under  the  influence  of  hydriodic  acid,  it  is  transformed  into 
benzoic  acid : 


First  Part. 
(CffW)    +     8(^))     =     4(h}0)    + 


(10 


Quinic  odd. 


Hydriodic  acid. 


Water. 


4 

ludine. 


-f     (CTH^O*) 


Unknown 
body. 
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Second  Part. 
(C^H^O«)     4-     30})     =     6(^})     +     (C^H'O*) 

Unknown  Iodine.  Hydrlodlo  Benzoic 

body.  add.  acid. 

According  to  M.  Lautemann,  the  production  of  the  intermediate 
body  (7H"0"  is  probable ;  but  it  has  not  been  isolated. 

When  qninic  acid  is  submitted  to  the  action  of  oxidizing  agents,  it  is 
transformed  into  a  substance  whose  formula  is  G*HK)^  and  whi(^  has 
received  the  name  of  quinone : 

(CTH^*)     +     g}     =     (COO     +     "^(h}^)     +     (C'H^O'O 

Qalnlcadd.  Oxygen.  Carbonic  Water.  Qninone. 

anhydride. 

Quinone  readily  fixes  H'  under  the  influence  of  reducing  agents,  and 
is  transformed  into  hydroquinone  CH^O'.  Quinone  and  hydroquinone 
combine  and  form  a  compound  called  green  hydroquinone,  the  formula 
of  which  is  C"H'0*,C*H'0",  and  the  colour  of  which  resembles  that  of 
the  wings  of  the  Spanish  fly. 

In  quinone  or  hydroquinone  four  atoms  of  hydrogen  may  be  replaced 
either  separately  or  simultaneously,  by  chlorine. 

When  perchlorinated  quinone  is  treated  by  potash,  the  potassic  salt 
of  bichloro-quinonic  acid  is  obtained : 

((^♦0')     +     4(1}  O)     =     2^})    +     2(2}  O) 

llercfaloitMiolnonc.  Potash.  Chloride  of  Water. 

potaadnm. 

Potaosic  bicbloro- 
quinonate. 

There  exist  two  chloroquinonio  amides :  chloroquinonamido 
(C*C1*H*(W"),  and  bichloroquinonamic  acid  (C*H«C1«N0»). 

Quinonio  acid  C^H'^O^  is  not  known,  but  its  existence  cannot  be 
doubted,  as  its  chloiinated  derivatives  are  known. 

What  are  the  rational  formulaa  proper  for  all  these  bodies  ? 

According  to  my  idea,  quinone  is  an  aldehyd  of  the  second  degree, 
derived  from  an  unknown  glycol  C'H'O*  by  elimination  of  H\  and 
hydroquinone  is  an  aldehyd  of  the  first  degree,  derived  from  the  same 
glycol  by  elimination  of  H*  only.  According  to  this  hypothesis,  the 
different  bodies  of  which  we  have  spoken  take  the  following  formulae : 

Quinone ^^'^^l 
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close  of  the  operation  all  the  nitrogen  contained  in  tlie  apparatus  is 
displaced  by  again  transmitting  carbonic  acid  gas  into  it,  and  the 
nitrogen  contained  in  the  small  bell-glass  is  measured.  Knowing  the 
density  of  the  nitrogen,  its  weight  is  dednced  from  its  volnme,  and  by 
means  of  this  weight  that  of  the  nrea  is  calculated.  We  know  that 
K'  correspond  to  a  molecule  of  this  body,  that  is  to  say,  that  28  parts 
by  weight  of  nitrogen  represent  60  parts  of  nrea. 

5th.  M.  Liebig  prepares  a  normal  Yolumetric  solution  of  mercuric 
nitrate  without  excess  of  acid,  and  adds  this  to  the  urine  until  preci- 
pitation ceases.  From  the  quantity  of  the  solution  employed  he  deduces 
the  quantity  of  the  urea,  having  first  ascertained  the  quantity  required 
to  precipitate  a  known  weight  of  pure  urea  from  its  solution  in 
water. 

In  this  process,  however,  the  precipitation  is  not  complete,  because 
the  acid  which  is  Uberated  at  the  same  time  retains  a  portion  of  the 
urea  in  solution.  In  order  to  obviate  this,  when  precipitation  ceases 
the  liquid  must  be  exactly  saturated  with  baryta  water,  more  of  the 
mercuric  nitrate  added,  and  so  on  till  it  finally  ceases  to  produce  any 
precipitation. 

M.  Liebig*s  process  may  be  used  to  extract  urea  from  the  blood. 
After  separating  the  clot  which  forms  spontaneously,  and  coagulating 
the  albumen  by  heat,  the  liquid  is  filtered  and  the  urea  precipitated 
from  it  by  means  of  the  mercuric  nitrate.  The  precipitate  is  collected 
on  a  filter  and  washed,  and  then  suspended  in  water  and  decomposed 
by  a  current  of  sulphuretted  hydrogen.  Sulphide  of  mercury  is  thrown 
down,  and  the  urea  remains  in  solution :  after  filtering,  the  proportion 
of  the  urea  is  ascertained  by  one  of  the  above-mentioned  processes.  It 
could  not  be  at  once  determined  in  the  serum,  as  this  contains  too 
small  a  quantity,  and  therefore  must  first  be  concentrated. 

COMPOUND  UBEA8. 

Compound  ureas  are  those  bodies  which  represent  urea  the  hydrc^n 
of  which  is  wholly  or  partly  replaced  by  radicles  of  alcohols  or  of 
acids. 

The  compound  ureas  having  alcohol  radicles  may  contain  radicles  of 
monatomic  alcohols,  in  which  case  they  belong  to  the  same  type  as 
urea ;  or  they  may  contain  radicles  of  polyatomic  alcohols,  ^hen  they 
belong  to  a  more  condensed  type. 

We  must  therefore  consider:  1st,  those  which,  like  simple  urea, 
belong  to  the  type  ^'H' ;  and  secondly,  those  belonging  to  a  more 
condensed  type. 

Ureas  belongikg  to  the  Type  N"H'. 

Among  these,  there  are  some  which  contain  the  radicles  of  alcohs^ 
and  some  are  known  containing  sulphur  and  phosphorus  among  theii- 
elements* 
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Ureas  tokich  contain  Badicles  of  Alcohoh. 

One,  two,  three,  or  four  atoms  of  the  hydrogen  of  ordinary  urea  may 
be  replaced  by'  radicles  of  monatomic  alcoliols ;  thence  ureas  of  the 
first,  sec6nd,  third,  or  fourth  degree. 

In  order  to  denominate  the  compound  ureas,  the  word  urea  is  pre- 
ceded by  the  name  of  the  radicle  or  radicles  which  enter  into  their 
composition,  and  these  radicles  are  themselves  preceded  by  the  syllables 
di,  tri,  tetra,  to  indicate  the  number  of  molecules  of  each  of  them.  Thus 
we  say  ethyl-urea,  diethyl-urea,  ethyl- amy  1-urea,  tetrethyl-urea,  etc. 

Mon-alcoholio  Ureas. — ^Preparation.  —  These  ureas  are  prepared 
either  by  'causing  cyanic  acid  to  act  on  primary  monamines,  or  by 
causing  ammonia  to  act  on  the  cyanic  ethers  : 


/CO" 


H>)        +        i^]^)        =         {"^^f") 

O'anlc  add.  Ethylamlne.  Kthyl  arcft 

(etbyl-CArbcMliamkle). 

(ss}")  +  (i}")  ■  ('-'^i}--') 

Cyonate  of  ethyl.  Ammonia.  Ethyl-urea. 

PRorERTiES. — AVhen  treated  with  alkalies,  these  ureas  give  an 
alkaline  carbonate  and  disengage  a  mixture  of  ammonia  and  a  primary' 
monamine : 

Ethyl-Drea,  Potash.  Potaailc  carbonate.  Ammonia. 

Etbylamine. 

According  to  M.  Yolhard,  the  ureas  obtained  by  the  action  of  cyanic 
acid  on  primary  monamines,  and  those  obtained  by  treating  the  cyanic 
ethers  by  ammonia,  are  not  identical  though  they  are  resolved  into  the 
same  products  under  the  influence  of  potash;  there  will  be  found 
oertain  physical  differences  between  them. 

Di-alcoholio  Ureas. — ^Preparation. — First  Process, — These  ureas  may 
be  obtained  by  causing  a  primary  monamine  to  act  on  a  cyanic  ether : 

Etbylanioe.  (.>anate  of  ethyl.  MetbyLorea. 
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Second  Proeeis. — ^They  may  also  be  obtained  by  treating  the  cyanic 
ethers  with  water : 


+    (C0".0) 


cyanic  ether.  Water.  Dlethjl-um.  Ouboolc 

anhjddde. 

It  is  probable  that  this  reaction  is  accomplished  in  two  stages ;  first 
a  molecule  of  cyanic  ether  is  transformed,  under  the  influence  of  water, 
into  primary  monamine  and  carbonic  anhydride,  and  then  the  primary 
monamine  unites  with  a  second  molecule  of  cyanic  ether  to  form  a 
dialcoholic  urea : 

First  Stage. 

(5S>')  +  (1I}«)   =   C^'Jn)  +  (co-.o) 

CTanlc  ether.  Water.  Ethylamlne.  Carimic 

anhjndridc 

Sfc;cx)ND  Stage. 

cyanic  ether.  EthyUuninc.  Dietb7l-ureft. 

Third  Process, — These  compounds  may  also  be  prepared  by  the 
action  of  a  secondary  monamine  on  cyanic  acid : 

Qyanlc  acid.  Dlethylamfaie.  Diethyl- urea. 

l^ROPERTiES. — Ist  Under  the  influence  of  alkalies,  the  ureas  obtained 
by  the  action  of  cyanic  ethers  on  primary  monamines  are  resolved  into 
an  alkaline  carbonate  and  two  molecides  of  pn'maiy  monamines : 

IMothyl-urea.  Putash.  Potassic  carbonate.  Ethylamiae. 


(sr 


+ 

Eihylarnine. 
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2nd.  The  ureas  obtained  by  the  action  of  water  on  cyanic  ethers 
act  in  the  same  manner  under  the  influence  of  the  alkalies,  which  fact 
supports  our  view  of  their  mode  of  formation. 

3rd.  The  ureas  obtained  by  means  of  secondary  monamines  and 
cyanic  acid  are  decomposed  by  alkalies  into  alkaline  carbonate,  ammo- 
nia and  secondary  monamines : 

Diethyl-nrea.  Pota-nh.  Potaaslc  carbonate.  Ammonia. 


(c.h.}k) 


+ 

Diethylamine. 

The  differences  observed  between  ureas  belonging  to  the  same  degree 
of  substitution,  according  to  the  manner  in  which  they  have  been  pre- 
pared, tend  to  prove  that  in  these  bodies  the  cyanic  group  and  the 
ammoniacal  group  remain  more  or  less  distinct.  Under  the  influence 
of  alkalies,  the  ammoniacal  group  becomes  free,  and  the  cyanic  group 
is  decomposed  as  if  it  were  alone. 

When  the  urea  contains  cyanate  of  ethyl  as  the  cyanic  group,  and 
ethylamine  as  the  ammoniacal  compound,  the  potash  first  splits  it  up 
into  ethylamine  and  cyanate  of  ethyl.  The  latter  is  then  decomposed, 
producing  alkaline  carbonate  and  liberating  a  second  molecule  of 
ethylamine. 

If,  on  the  contrary,  the  urea  contain  cyanic  acid  and  diethylamine, 
this  secondary  monamine  is  first  separated  from  the  cyanic  acid  and 
then  the  potash  decomposes  this  latter  body,  giving  rise  to  potassic 
carbonate  and  ammonia.  Instead  of  two  molecules  of  ethylamine 
being  formed  as  in  the  preceding  case,  one  molecule  of  diethylamine 
and  one  of  ammonia  are  obtained. 

lliis  isomerism  may  be  expressed  by  the  following  formulas : 

/     rN.H'c»H\  /     fOK\  /     {C?R\ 

^Hs;H.c™r''^"''-HoK)+TU) 


1st. 

Diethyl-nrea.  Potaab.  Potaalc  carbonate.  Etbylamlne. 


.lc|0"  ^  I    +    2(H.0K)     =     ICjO"  I    +    (NH») 

Diethylamine.  Potaah.  Potassic  carbonate.  Ammonia. 


+ 


DieCbylamioe. 
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and  wlien  it  is  the  sulphate  which  is  prodnoed,  the  liquid  is  exactly 
neutralized  by  baryta  water  in  order  to  remove  the  snlphnric  acid. 

In  either  case  the  alkaloid  remains  in  solution  in  the  water,  and  the 
liquid  is  filtered  and  evaporated. 

Properties. — 1st.  A  great  number  of  these  alkaloids  possess  very 
marked  basic  properties,  and  saturate  the  strongest  acida  All  are 
oxygenized. 

2nd.  Iodized  iodide  of  potassium,  the  solution  of  the  double  iodide 
of  potassium  and  mercury,  the  phospho-molybdate  of  sodium,  and  gal- 
lotannio  acid,  precipitate  all  the  alkaloids  without  exception,  even  in 
dilute  solution.  The  potassic  iodide  of  mercury  and  the  phospho- 
molybdate  especially  are  very  useful  in  an  analytical  point  of 
view. 

3rd.  When  distilled  with  potassic  or  sodic  hydrate,  fixed  alkaloids 
are  generally  decomposed,  and  among  the  products  of  their  decom- 
position volatile  alkaloids  are  found.  For  instance,  under  these 
conditions  cinchonine  furnishes  quinoline  (CHTN),  lepidine  (O'^H'N), 
pyrridine  (C"H»N),  piccoline  ((?H^N),  lutidine  ((7H"N),  and  oolU- 
dine  (C*H"N). 

4th«  When  the  iodide  of  ethyl  or  of  methyl  acts  on  these  bodies,  a 
direct  addition  takes  place.  The  iodide  thus  formed,  submitted  to  the 
action  of  moist  oxide  of  silver,  gives  rise  to  a  hydrate  of  quaternary 
ammonium.*  All  these  bases  should  therefore  be  considered  as 
tertiary.  They  are,  moreover,  sometimes  monamines,  sometimes  di- 
amines, etc. 

5th.  These  alkaloids  are  generally  very  powerful  poisons,  or,  at  least, 
very  active  medicines. 

CoNSTiruTiON  OF  FIXED  ALKALOIDS. — For  a  long  time  the  natural 
oxygenized  alkaloids  were  compared  to  the  ureas,  that  is  to  say,  they 
were  believed  to  be  basic  amides.  This  hypothesis  can  scarcely  be 
admitted,  at  least  for  those  whose  basic  properties  are  well  marked. 
Basic  amides,  like  ureas,  are  always  very  weak  bases. 

The  natural  oxygenized  alkaloids  should  rather  be  considered  as 
resembling  the  artificial  oxygenized  alkaloids  discovered  by  M.  Wnrtz. 
The  only  point  in  which  they  differ  is  that  they  do  not,  like  these 
latter,  possess  three  replaceable  atoms  of  hydrogen.  This  difference 
can,  however,  be  very  easily  explained.  The  alkaloids  of  M.  Wui*tz 
would  no  longer  possess  replaceable  hydrogen  if  alcohol  radicles  were 
substituted  for  those  they  contain  :  thus  the  hypothetical  alkaloid 
which  would  probably  be  obtained  by  substituting  three  atoms  of 

ethyl  for  three  of  hydrogen  in  trioxethylamine      (     ii    [oVn  J, 

might  properly  be  compared,  from  i^s  properties  and  composition,  to 
the  natural  oxygenized  alkaloids : 

*  It  18  koown  that  an  alkaloid  is  at  the  fourth  degree  of  snbstitiition  when  the 
iodide  of  methyl  produces  no  further  snbetitution  in  it 
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[Sir]  o]' 
[Si:')  o]' 


^N     =     C^'H^'NO^ 


rc*H*" 


The  following  are  the  principal  natural  alkaloids  : 

Alkalies  from  the  Seeds  of  the  Peganxtm  Habmala. 

Harmaline C*"H"N«0 

Hannine C"H"N»0 

Alkaloids  from  Opium. 

Morphia C''H"NO«,aq 

Godeia G"H«NO»,aq 

Thebaia C'^H^NC 

Papaverine C**H"NO* 

Narcotina (?'H*NO' 

Narcein CIPNO* 

AlkaijOIds  ii-rom  the  SrBYCHNOS  Tribe. 

Stiychnia  ' C"fl«N»0" 

Bnicia C^H^N'OS^aq. 


i  C«H«*N*0=,naq. 


Alkaloids  from  the  Cinchonas. 

Quina 

Qainidine 

Quinicine 

Cinchonia \ 

Cincbonidine ic*H**N'0 

Cincbonicine J 

Aricine (7»H*^'H>* 

The  Alkaloid  from  AcONiTk:. 
Aconitia 0"H^(y 

The  Alkaix)id  from  Veratrum  Album. 
Veratria C"H"N«0* 

The  Alkaloh)  from  Belladonna. 
Atropia 0*^*^0* 
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Study  of  the  most  Important  Fued  Alkaloids. 

Morphia  (C*T5**NO*+2aq). — In  order  to  prepare  morphia,  opium  is 
exhausted  seyeral  times  by  lukewarm  water,  and  pressed  after  eadi  ex- 
haustion.    The  liquids  are  then  evaporated  at  65^  or  75°  by  means  of  a 
current  of  vapour,  1 00  grammes  of  powdered  marble  for  each  Idlogramme 
of  opium  having  first  been  added.      When  the  liquid  has  acquired  ^e 
consistence  of  syrup,  water  is  added,  the  meoonate  of  calcium  deposited 
is  separated  by  filtration,  and  the  liquid  is  concentrated  by  a  gentle  heat 
Then  a  solution  consisting  of  100  grammes  of  water,  50  grammes  of 
chloride  of  calcium  and  8  grammes   of  hydrochloric  acid  for  each 
kilogramme  of  opium,  is  added  to  the  hot  concentrated  liquid,  and  the 
mixture  is  left  alone  for  15  days.    At  the  end  of  this  time,  the  crystals 
of  hydrochlorate  of  morphia  which  are  deposited  are  expressed  in  a 
linen  cloth,  dissolved  in  alcohol,    and  again  crystallized  after  their 
solution  has  been  bleached  by  animal  charcoal. 

Morphia  may  be"  very  easily  prepared  from  this  hydrochlorate  hj 
dissolving  it  in  water  and  precipitating  the  solution  by  ammonia.  Bui 
it  is  important  that  no  more  than  the  sufficient  quantity  of  this  reagent 
be  employed  or  the  morphia  would  be  lost,  as  it  is  soluble  in  ammonia. 

Genuine  Smyrna  opium  contains  from  10  to  15  per  cent,  of  morphia. 

In  order  to  obtain  perfectly  pure  morphia,  it  must  be  exhausted  hj 
ether,  which  has  no  action  on  morphia,  but  dissolves  the  small  quantity 
of  narcotina  which  it  usually  contains.  Morphia  crystallizes  in  transpa- 
rent crystals  of  the  fourth  system.  A  thousand  parts  of  cold  water 
dissolve  about  one  part  of  morphia ;  boiling  water  two,  alcohol  fifty* 
and  ether  scarcely  any  traces  of  it :  fixed  alkalies  and  ammonia  readily 
dissolve  it     Its  solutions  are  very  bitter,  and  are  Isdvogyrate. 

The  crystals  of  morphia  melt  when  heated,  disengaging  5*94  per  cent, 
that  is  to  say,  one  molecule  of  water  of  crystallization ;  on  cooling,  the 
melted  mass  assumes  a  stellate  appearance.  If  heated  more  strongly  it 
becomes  charred,  emits  an  odour  of  resin,  and  even  bums  with  a  bright 
red  flame.  On  contact  with  concentrated  nitric  acid,  morphia  assumes 
a  beautiful  red  colour :  its  solution  reduces  iodic  acid  and  precipitates 
iodine.  In  presence  of  morphia,  chloride  of  gold  assumes  a  blue  shade ; 
perchloride  of  iron  also  becomes  blue,  but  this  colour  is  extremely 
evanescent. 

With  morphia,  iodine  gives  a  compound  called  iodomorphia,  whose 
formula  appears  to  be  4{C*rH»»N0»l*). 

Heated  to  200^  with  caustic  alkalies,  morphia  disengages  methyla- 
mine. 

The  iodides  of  methyl  and  ethyl  react  on  morphia  when  hot,  and 

transform  it  into  iodide  of  quaternary  ammoniums  which  furnish  the 

corresponding  hydrates  when  submitted  to  the  action  of  moist  oxide  of 
silver : 
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((PWJUO')      +      (C»H»I)      =  (C'»H»(CTa»)NO'.I) 

odide  of  iodide  of  moiphyl' 

ethyL  ammoDliim. 


Mocphk.  iodide  of  iodide  of  moiphyl-ethyl- 

ammoDliD 


On  treating  morphia  with  dilute  acids,  salts  are  obtained  which 
readily  dissolye  in  water  and  in  alcohol,  are  insoluble  in  ether,  yery 
bitter,  and  generally  crystallizable. 

With  caustic  alkalies  and  with  ammonia  these  salts  give  a  precipitate 
of  moi'phia,  soluble  in  an  excess  of  the  reagent :  they  are  also  precipi- 
tated by  the  general  reagents  of  the  alkaloids  (tannic  acid,  iodized 
iodide  of  potassium,  etc.}- 

In  the  action  of  oxidizing  agents  on  morphia,  a  simple  oxidation  of 
this  alkaloid  appears  to  be  produced.  By  treating  a  solution  of  the 
hydrochlorate  of  morphia  with  nitrate  of  silver  at  60^  M.  Schiitzen- 
berger  has  obtained  a  disengagement  of  binoxide  of  nitrogen,  and  the 
deposition  of  the  slightly  soluble  hydrochlorate  of  a  new  base,  the 
formula  of  which  is  (C*'H**NO*) ;  only  differing  therefore  from  morphia 
by  containing  one  atom  more  of  oxygen,  and  which  for  this  reason 
M.  Schiitzenberger  calls  oxffmarphia. 

On  causing  the  nitrite  of  silver  to  act  on  a  boiling  concentrated 
solution  of  hydrochlorate  of  morphia,  the  same  author  has  obtained  a 
second  base  containing  one  molecule  of  water  more  than  the  preceding : 
its  formula  is  (C"H«^NO*). 

When  one  drop  of  a  solution  of  a  salt  of  morphia  containing  1  per  cent, 
of  this  substance  is  mixed  with  10  or  15  drops  of  a  solution  of  nitrate 
of  silver  of  the  strength  of  1  *  77  per  cent.,  after  agitating  for  several 
minutes  a  beautiful  precipitate  of  reduced  silver  is  obtained.  If  the 
nitrate  of  silver  have  been  previously  heated  in  a  porcelain  capsule, 
the  reduction  of  the  metal  is  almost  instantaneous,  and  the  silver  forms 
an  adhesive  layer  on  the  capsule. 

The  salts  of  morphia  chiefly  used  are  the  hydrochlorate,  the  acetate, 
and  the  sulphate. 

The  hydrochlorate  dissolves  in  20  parts  of  cold  water :  in  the  solid 
state  it  presents  the  appearance  of  silky  tufts;  its  formula  is 
(C"H^^O»,HCl4-.3aq.). 

The  formula  of  the  crystallized  sulphate  is^C^rff  »N0^*H«0*+6  aq.] 

The  formula  of  the  acetate  is  not  accurately  known.  It  is  an  in- 
stable salt  which  crystallizes  with  difficulty  and  which,  when  left 
alone,  loses  acetic  acid. 

Morphia  is  a  powerful  poison ;  its  salts  are  used  in  medicine  in  doses 
of  from  ^  to  j^  a  grain. 

Codeia  (C**H**NO"-[-aq.)' — ^^  *^®  preparation  of  morphia,  the  crystals 
of  hydrochlorate  which  are  obtained,  and  then  decomposed  by  ammonia, 
contain  small  quantities  of  codeia.  This  alkaloid  remains  dissolved 
when  the  morphia  is  precipitated  by  ammonia.  After  separating  the 
precipitate,  the  liquid  is  evaporated  over  a  water-bath  to  remove  the 
slight  excess  of  ammonia,  in  order  that  all  the  morphia  may  be  deposited* 
This  new  deposit  is  separated  by  filtration,  the  filtered  liquid  is  con- 
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oentrated  and  precipitated  by  oaustic  potash.  The  precipitate  of  oodeu 
is  waslied,  dried,  and  diaeolved  in  ether,  from  which  it  is  deponted 
in  oryiitals.  In  order  to  obtain  pure  codeia,  before  crystallizing  tbe 
precipitate  must  be  redissolved  in  hydrochloric  acid,  its  solutiGii 
decolotized  by  animal  charcoal  and  again  precipitated. 

Codeia  takes  the  form  of  large  octahedral  crystals  of  the  foutii 
system,  containing  one  molecnle  of  water  of  ciystallization.  It  laeUs 
at  150"^  and  decomposes  at  a  higher  temperature,  lliis  alkaloid  disGohes 
in  water  more  readily  than  morphia :  100  parts  of  water  disBoWe  1*26 
parts  at  15°,  and  4  parts  at  100° ;  it  dissolves  readily  in  alcohol  and 
ether ;  this  latter  property  distinguishes  it  from  morphia. 

Codeia  is  IfevogQnrate.  Its  solutions  restore  the  blue  colour  to  litmus 
reddened  by  acids. 

It  is  not  reddened  by  nitric  acid,  and  does  not  assnme  a  blue  colour 
under  the  influenoe  of  ferric  salts.  It  is  employed  in  medicine  as  an 
anodyne  in  the  same  cases  as  morphia :  its  action  appears  lees 
irritating. 

The  salts  of  codeia  are  almost  all  orystallizable,  but  they  have  not 
been  much  studied.  With  codeia,  iodine  gives  a  oompound,  iodooodeia, 
which  has  the  formula  (C"H"NO*,P)  and  which  decomposes  at  lOtf*.  , 

A  concentrated  alcoholic  solution  of  codeia  absorbs  cyanogen,  fi/si 
assuming  a  yellow,  then  a  brown  colour.  The  liquid  gradually  depoats 
crystals  of  cyano-codeia  (C^H'^NO'.Cy*). 

Narcotina  (C"H»KO').— Narcotina  is  found  in  the  cake  of  opium 
which  remains  under  the  press  when  this  substance  has  been  exhausted 
by  water.  In  order  to  extract  this  alkaloid,  the  cake  is  treated  with 
dilute  hydrochloric  acid  which  dissolves  the  narcotina,  and  the  cake 
is  again  pressed.  The  acid  solution  is  then  precipitated  by  carbonate 
of  sodium,  and  the  dried  precipitate  is  exhausted  with  boiling  alcohol 
of  80  per  cent.  The  alcoholic  solution  when  suitably  evaporated 
deposits  orysteds  of  narcotina,  which  are  purified  by  a  fresh  crystal* 
lization,  or  if  necessary  by  means  of  animal  charcoal. 

Narcotina  crystallizes  in  right  prisms  having  a  rhombic  base,  or  in 
flat,  colourless,  transparent  brilliant  needles]^  grouped  in  bundles.  It 
is  insoluble  in  cold  water,  and  boiling  water  only  dissolves  77^ ;  ^^  ^ 
very  slightly  soluble  in  ether  or  alcohol.  Its  solutions  are  bitter,  and 
do  not  restore  the  blue  colour  of  reddened  litmus. 

Narcotina  is  strongly  lesvogyrate ;  acids  modify  this  rotatory  power 
considerably  and  change  its  direction. 

Neither  ammonia  nor  potash  dissolves  narcotina,  and  ferric  salts  do 
not  assume  a  blue  colour  under  its  influence. 

At  170°  narcotina  melts  into  a  liquid  which  crystallizes  when  cooled 
slowly,  but  when  rapidly  cooled  becomes  an  amorphous  mass ;  a  little 
above  its  fusing  point  it  becomes  coloured;  at  220*^  it  swells  oni, 
disengages  ammonia,  and  leaves  humopic  acid ;  heated  to  200°  in  & 
closed  tube  with  water,  it  dissolves,  giving  a  veiy  bitter  reddish- 
yellow  liquid. 
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When  distilled  with  potash,  narcx>tina  furnishes  a  volatile  alkaloid, 
which,  acoording  to  Wertheim,  is  tritylamine  (propylamine),  or  per- 
haps its  isomer  trimethylamine. 

Under  the  inflaenoe  of  oxidizing  agents,  narcotina  gives  a  number 
of  products  which  the  scope  of  this  work  does  not  permit  ns  to  study. 

Narcotina  acts  less  powerfully  than  morphia  on  the  animal  economy ; 
it  is,  however,  sufficiently  poisonous  to  kill  a  dog  when  administered  in 
a  dose  of  a  gramme  and  a  half  (23  grains). 

As  the  basic  properties  of  narcotina  are  very  feeble,  its  salts  formed 
by  combination  with  acids  have  very  littie  stability.  These  salts 
decompose  when  their  solutions  are  evaporated,  and  sometimes  even 
when  they  are  diluted.  The  sub-acetate  of  lead  precipitates  their 
narcotina,  which  distinguishes  this  body  from  the  greater  number  of 
the  other  organic  alkaloids. 

Strychnia  (C"H?"N»0').— This  body  is  extracted  from  the  bean  of 
the  strydmoa  Ignatii,  and  from  nux  vomica,  in  which  it  is  found  mixed 
with  brucia,  and  which,  though  it  contains  less  than  the  St  Ignatins's 
bean,  is  much  cheaper,  and  is  therefore  employed  exclusively  in  the 
preparation  of  this  alkaloid. 

The  nux  vomica  beans  are  reduced  to  powder,  exhausted  with  very 
dilute  boiling  sulphuric  acid,  and  pressed.  The  acid  liquid  is  then 
saturated  by  an  excess  of  hydrate  of  calcium.  There  is  thus  formed  a 
precipitate  of  calcic  sulphate,  strychnia,  and  brucia,  which  is  collected 
on  a  filter,  pressed,  dried,  and  acted  upon  by  boiling  alcohol,  which  dis- 
solves the  strychnia  and  brucia.  This  solution  is  filtered  while  hot ; 
and  on  cooling  the  greater  part  of  the  strychnia  is  deposited  from  the 
alcohol  in  a  crystallized  state,  while  the  brucia  remains  in  solution, 
and  may  be  obtained  by  the  evaporation  of  the  liquid.  These  two 
alkaloids  are  then  purified  by  repeated  crystallizations  from  alcohol. 

Strychnia  crystdlizes  in  octahedra  having  a  rectangular  base,  or  in 
quadrilateral  prisms  terminated  by  pyramids  having  four  faces.  It  is 
colourless,  inodorous,  intensely  bitter,  and  leaves  a  disagreeable  after- 
taste. 

One  part  of  strychnia  requires  6667  parts  of  water  at  10°  for  its  solu- 
tion, and  2500  parts  of  boiling  water.  Ordinary  alcohol  dissolves  it 
pretty  freely,  absolute  alcohol  very  slightiy,  and  ether  not  at  all :  the 
essential  oils  dissolve  it  readily. 

Strychnia  in  alcoholic  solution  is  strongly  levogyrate,  but  this 
rotatory  power  is  modified  by  acids.  Distilled  with  caustic  potash, 
strychnia  furnishes  a  volatile  alkaloid  whose  formula  is  (C*£rN),  and 
which  is  known  as  quinoline.  When  mixed  with  binoxide  of  lead  or 
bichromate  of  potassium,  and  then  moistened  with  sulphuric  acid, 
strychnia  assumes  a  beautiful  blue  colour,  which  quickly  becomes 
violet,  then  red,  and  finally  pure  yellow. 

Concentrated  nitric  acid  does  not  impart  a  red  colour  to  strychnia ; 
at  most  it  only  turns  it  yellow. 

Strychnia  is  one  of  the  most  powerful  poisons  known :  five  centi- 


730  PRINCIPLES  OF  CHEMISTRY. 

grammes  (|  grain)  of  this  body  kill  a  man  in  a  quarter  of  an  bonr, 
producing  violent  attacks  of  tetanns.  Aooording  to  M.  Yella,  wooim 
injected  into  the  blood  is  the  best  antidote  for  stiychnia :  nnder  its 
influence,  the  symptoms  of  poisoning  suddenly  cease,  lliis  property, 
possessed  by  woorara,  is  not  owing  to  any  chemical  combination  taking 
place  between  it  and  strychnia,  but  to  its  action  on  the  aninttl 
economy,  which  is  the  reyerse  of  that  of  strychnia. 

Under  the  influence  of  chlorine,  strychnia  gives  products  of  substita- 
tion  which  retain  all  the  poisonous  properties  of  this  alkaloid.  Iodine 
converts  it  into  iodostrychnia  [(C"H«N*0*)*,P]. 

Submitted  to  the  influence  of  iodide  of  methyl,  strychnia  giTes  a 
new  alkaloid,  which  is  derived  by  the  substitution  of  one  atom  of 
methyl  for  an  atom  of  hydrogen.     This  body  is  not  poisonous. 

The  salts  of  stiychnia  are  very  bitter :  the  carbonate  of  sodium  and 
the  caustic  alkalies  added  to  their  solutions  give  rise  to  precipitates 
which  are  insoluble  in  an  excess  of  the  reagent  Ammonia  causes  the 
formation  of  a  precipitate  which  an  excess  of  the  reagent  redissolTes, 
but  which  again  precipitates  after  a  certain  time,  and  does  not  after- 
wards dissolve,  whatever  may  be  the  quantity  of  ammonia  added. 

Strychnia  is  used  in  paralysis.  Its  sulphate  has  been  unsuccessfally 
tried  in  cholera. 

Bruoia  (C**H*N'0*  +  4aq.).— We  have  already  seen  how  this  alka- 
loid is  extracted  from  the  vegetables  which  contain  it;  the  following 
are  its  properties : 

Brucia  crystallizes  in  right  rhombic  prisms.  It  is  very  slightly 
soluble  in  water,  but  rather  more  so  than  strychnia ;  it  is  very  soluble 
in  alcohol,  and  insoluble  in  ether.  Its  solutions  are  Isevc^yrate,  but 
acids  weaken  its  rotatory  power. 

The  crystals  of  brucia  contain  four  molecules  of  water  of  crystaUia- 
tion,  which  they  lose  by  efflorescence. 

Concentrated  sulphuric  acid  imparts  first  a  rose  colour,  then  a  yellow, 
and  finally  a  yellowish-green  colour  to  brucia.  Concentrated  nitric 
acid  turns  it  a  beautiful  red  colour ;  and,  according  to  Gerhardt,  nitrate 
of  methyl  is  disengaged  in  this  reaction. 

Distilled  with  sulphuric  acid  and  peroxide  of  manganese,  this  alka- 
loid gives,  amongst  other  products,  formic  acid  and  an  inflammable 
liquid,  which  appears  to  be  methylic  alcohol. 

With  iodine,  brucia  gives  two  special  compounds ;  the  formula  of 
one  is  [(C"H«^»N«0*)«,1*J,  and  that  of  the  other  [(C^TBP'N^O^y.P]. 

With  chlorine  and  bromine,  brucia  gives  products  of  subistitution. 

The  salts  of  brucia  have  a  bitter  taste,  and  most  of  them  crystallize : 
nitric  acid  colours  them  red  like  brucia  itself. 

They  are  decomposed  by  fixed  alkalies,  which  precipitate  brucia 
from  their  solutions.  Ammonia  also  precipitates  brucia.  This  is  dis- 
solved in  an  excess  of  the  reagent,  but  is  deposited  after  a  time,  and 
then  will  not  again  dissolve  in  ammonia. 

Strychnia  and  morphia  displace  brucia  from  its  salts. 
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Aqueons  Bolntions  of  these  salts  mixed  witli  a  slight  excess  of  tartaric 
acid  do  not  become  cloudy  by  the  addition  of  alkaline  bicarbonates. 

Quina  (C"11**NK)*)  -f-,naq. — Qnina  is  found  in  the  different  species 
of  cinchonas,  where  it  is  mixed  with  cinchonia.  The  yellow  cinchona 
contains  the  greatest  quantity  of  it ;  but  as  it  is  yery  expensive,  a 
species  of  cinchona  of  an  inferior  quality  imported  from  Australia  is 
largely  used  in  the  manufacture  of  the  sulphate  of  quina. 

In  order  to  extract  quina  from  cinchona,  the  latter  is  reduced  to 
powder,  then  boiled  several  times  with  dilute  hydrochloric  or  sulphuric 
acid,  the  cinchona  being  pressed  after  e€ich  boiling.  When  it  is  ex- 
hausted, the  liquids  are  mixed  and  precipitated  by  carbonate  of 
sodium :  quina,  cinchonia,  and  several  impurities  separate  from  the 
liquids ;  this  deposit  is  collected  on  a  linen  cloth,  pressed,  dried,  and 
exhausted  by  alcohol  of  85  or  90  per  cent. 

This  solution  is  treated  by  a  quantity  of  dilute  sulphuric  acid  just 
sufficient  to  saturate  the  alkaloids,  after  which  the  alcohol  is  removed 
by  distillation:  on  cooling,  the  sulphate  of  quina  crystallizes,  while 
the  sulphate  of  cinchonia,  which  is  much  more  soluble,  remains  in 
solution.  The  crystals  are  separated  by  straining,  and  are  purified  by 
repeated  crystallizations,  the  solutions  being  treated  with  animal 
charcoal. 

The  mother-liquor  still  containing  quina,  it  is  precipitated  by 
carbonate  of  sodium,  the  precipitate  is  again  dissolved  in  sulphuric 
acid,  and  the  sulphate  of  quina  is  separated  by  fresh  crystallizations. 

Of  late  years  this  process  has  been  slightly  modified.  Instead  of 
exhausting  the  cinchona  by  an  acid,  precipitating  by  alkaline  carbonate 
and  redissolving  the  precipitate  by  alcohol,  an  idcoholic  solution  is 
obtained  directly. 

To  effect  this,  the  powdered  cinchona  is  mixed  with  lime,  and  then 
exhausteci  by  alcohol.  The  lime  seizes  the  quinic  add  and  tannin  of 
the  cinchona  (red  cinchonic)  with  which  the  alkaloids  are  combined, 
and  these  set  free  are  dissolved  in  the  alcohol. 

The  pure  sulphate  of  quina  is  extracted  from  this  alcoholic  solution 
as  in  the  preceding  process. 

Pure  quina  may  be  obtained  by  precipitation  from  its  sulphate  by  a 
mineral  alkali. 

Quina  thus  prepared  is  a  white  amorphous  mass.  It  is  inodorous, 
very  bitter,  soluble  in  about  350  parts  of  cold  and  400  parts  of  boiling 
water,  in  2  parts  of  cold  alcohol,  60  parts  of  ether,  and  6  parts  of 
chloroform.  The  f&ity  and  essential  oils  also  dissolve  it.  Its  alcoholic 
solution  is  lasvc^yrate,  but  this  rotatory  power  diminishes  as  the  temper- 
ature increases,  and  augments  under  the  influence  of  acids. 

Quina  is  a  powerful  alkaloid :  it  restores  the  blue  colour  to  litmus 
paper  reddened  by  acids ;  with  most  acids  it  gives  well-defined  salts, 
and  dissolves  in  water  containing  carbonic  anhydride,  forming  a 
soluble  carbonate. 

When  a  dilute  solution  of  sulphate  of  quina  is  precipitated  by  excess 
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of  ammonia,  and  the  mixtnre  left  for  some  time,  fine  needles  fonn 
which  contain  three  molecules  of  water  of  crystallization :  this  hydrate, 
like  pure  quina,  is  not  deposited  in  crystals  from  its  solution  in 
alcohoL 

Another  hydrate,  only  containing  one  molecule  of  water,  is  obtained 
by  leaving  quina  recently  precipitated  for  a  long  time  in  contact  with 
air,  care  being  taken  to  keep  it  moist :  this  second  hydrate  may  be 
recrystallized  from  aloohoL 

Dilute  acids  readily  dissolye  quina.  These  solutions  are  stronglj 
dichroic,  that  is  to  say,  they  present  a  blue  odour  when  interposed 
between  the  eye  and  the  light. 

Concentrated  sulphuric  acid  and  nitric  acid  dissolye  quina  when 
cold  without  colouring  it ;  when  hot,  the  solution  obtained  bj  means 
of  sulphuric  acid  turns  red,  and  then  black. 

When  chlorinated  water  and  a  few  drops  of  ammonia  are  added  to 
the  solution  of  a  salt  of  quina,  a  green  colour  is  produced.  Tbis  coloor 
becomes  violet,  and  then  deep  red,  by  a  further  addition  of  chlorinated 
water,  if  care  have  been  taken  not  to  employ  an  excess  of  ammonia. 

When  chlorinated  water,  concentrated  and  free  from  hydrocbloiio 
acid,  is  poured  into  a  solution  of  sulphate  of  quina,  and  powdered  ferro- 
cyanide  of  potassium  is  added,  the  liquid  soon  assumes  a  deep-red 
colour :  the  same  colour  is  produced  when  lime  water,  or  baryta  water,  or 
sodic  phosphate  or  borate  are  substituted  for  the  potassic  ferrocyanide. 

When  rubbed  up  with  iodine,  quina  gives  a  brown  matter;  the  same 
probably  as  is  precipitated  when  the  solution  of  a  salt  of  quina  is 
treated  by  iodized  iodide  of  potassium.  The  formula  [(C"H**N'0*)%I"] 
has  been  attributed  to  this  substance. 

A  sulphate  of  iodo-quina  (C~H~N*0*I*H"SO*)  is  obtained  by  adding 
an  alcoholic  solution  of  iodine  to  a  hot  concentrated  solution  of  the 
neutral  sulphate  of  quina  in  strong  acetic  acid  ;  large  well-crystallized 
plates  of  sulphate  of  iodo-quina  are  deposited  after  several  hours.  This 
salt  possesses  the  same  optical  properties  as  tourmaline,  and  might  be 
substituted  for  this  latter  body  in  the  construction  of  apparatus  for  the 
polarization  of  light. 

When  quina  is  distilled  with  hydrate  of  potassium,  quinoline,  or 
rather  a  mixture  of  quinoline,  lepidine,  pyrridine,  piccoline,  lutidine, 
and  collidine  is  produced. 

The  iodides  of  ethyl  or  of  methyl  combine  with  quina,  forming  iodides 
corresponding  to  the  alkaloids  which,  in  a  free  state,  are  derived 
from  the  hydrate  of  ammonium  type : 

(C"H^N«0*)      +       (C«H*1)       =       (C"H^lS»0«.CTaM) 

QuiDine.  Iodide  of  Iodide  of  ethyl-qninyl- 

ethyl.  ammoDfQui. 

These  iodides  are  transformed  into  corresponding  hydrates  by  moist 
oxide  of  silver :  the  hydrates  possess  very  marked  basic  properties. 
Quina  and  its  salts  aie  very  powerful  febrifuges. 
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Derived  from  two  molecules  of  ammonia,  quina  is  biatomic  and 
biaoid ;  it  can  nnite  with  a  molecule  of  a  monatomic  acid  in  order  to 
form  a  basic  salt,  or  with  two  molecules  of  the  same  acid  to  form  a 
neutral  salt : 

C^H«*N*0',HCl+3aq.    ....     basic  hydrochlorate. 
C»IP*N«(y,2HCl neutral  hydrochlorate. 

Its  tendencies  are  however  rather  monoacid ;  the  basic  salts  are  much 
more  stable  than  the  biacid  salts. 

Quina  also  forms  two  sulphates ;  one,  the  sulphate  of  commerce,  is 
basic,  contains  two  molecules  of  quina  for  one  of  sulphuric  acid,  and 
has  for  formula  [(C**H"N«0*)*,H*S0*-f-7aq.],  and  the  other  is  neutral 
and  is  produced  when  a  quantity  of  sulphuric  acid  equal  to  that  it 
already  contains  is  added  to  the  preceding  sulphate.  The  formula  of 
this  latter  is  [C*H**N^*,H»S0*+7aq.] ;  it  is  much  more  soluble  than 
the  basic  sulphate,  and  it  is  well  in  pharmaceutic  preparations  contain- 
ing this  latter  salt  to  add  a  litUe  sulphuric  acid  in  order  to  dissolve  it. 

Many  anthers  consider  the  salt  we  call  basic  as  neutral,  and  that  we 
call  neutral  as  acid.  But  quina  being  a  diamine,  the  nomenclature  we 
have  adopted  appears  to  us  to  be  preferable. 

The  sulphate  of  quina  being  a  valuable  medicine,  and  at  the  same 
time  very  expensive,  it  is  often  adulterated.  The  substances  used  for 
this  purpose  are  crystallized  sulphate  of  calcium,  boracio  acid,  mannite, 
sugar,  starch,  salicin,  stearic  acid,  and  the  sulphates  of  cinchonia>  and 
quinidine.  These  dififerent  adulterations  may  be  discovered  by  the 
following  methods : 

1st.  By  gently  heating  the  sulphate  of  quina  with  alcohol  to  21° 
(2  gr.  of  the  salt  to  120  gr.  of  alcohol),  it  completely  dissolves :  an 
insoluble  residue,  on  the  contrary,  is  left  if  it  be  mixed  with  starch, 
magnesia,  mineral  salts,  or  certain  other  foreign  substances. 

2nd.  Mineral  substances  which  are  capable  of  dissolving  in  alcohol 
may  be  discovered  by  incinerating  the  salt  suspected.  These  sub- 
stances remain  as  residue,  while  pure  sulphate  of  quina  should  not 
leave  any  ash. 

3rd.  Salicin  may  be  known  by  the  deep-red  colour  that  salt  assumes 
on  contact  with  concentrated  sulphuric  acid. 

4th.  Stearic  acid  remains  as  residue  when  the  sulphate  of  quina  is 
dissolved  in  acidulated  water. 

6th.  In  order  to  discover  sugar  and  mannite,  the  salt  is  dissolved  in 
acidulated  water,  and  its  solution  precipitated  by  a  slight  excess  of 
barytic  hydi*ate :  a  deposit  of  quina  and  barytic  sulphate  is  formed. 
A  current  of  oarbonio  anhydride  is  transmitted  through  the  liquid  to 
remove  the  excess  of  barium  in  the  state  of  insoluble  carbonate ;  then 
it  is  boiled  in  order  to  precipitate  the  quina  which  may  have  been  dis- 
solved by  means  of  the  carbonic  anhydride,  and  it  is  finally  filtered. 
If  the  sulphate  examined  be  pure,  the  filtered  liquid  should  not  leave 


734  PRINCIPLES  OF  CHEMISTRY. 

any  peroeptible  reeidue  when  evaporated :  it  would  leave  one,  on  the 
contrary,  if  this  salt  contained  sugar  or  mannite. 

6th.  The  sulphate  of  quina  always  contains  2  or  3  per  cent,  of  sul- 
phate of  cinchonia,  arising,  not  from  adulteration,  but  from  incomplete 
purification. 

The  best  method  of  determining  the  respective  quantities  of  quina 
and  cinchonia  contained  in  the  sulphate  examined  is  the  following  : 

A  few  grammes  of  ammonia  and  ether  washed  with  water  are  added 
to  one  or  two  grammes  of  the  salt ;  they  are  well  shaken  together  and 
then  left  to  rest.  An  ethereal  solution  containing  all  the  quina  floats 
on  the  surface,  while  the  cinchonia,  being  but  little  soluble  in  water  or 
ether,  remains  in  suspension  in  a  lower  aqueous  stratum.  The  ether  is 
separated  by  means  of  a  funnel  with  a  stopcock,  evaporated,  and  the 
residue  it  leaves  is  weighed,  llie  same  operation  is  repeated,  chloro- 
form being  now  substituted  for  the  ether,  as  it  dissolves  both  the 
quina  and  the  cinchonia.  When  this  liquid  is  evaporated,  a  residue  is 
left  which  is  heavier  than  the  first  The  difference  between  the  weights 
of  the  two  residues  gives  the  weight  of  the  cinchonia. 

7th.  In  order  to  detect  the  sulphate  of  quinidine,  the  great  difference 
in  solubility  between  the  oxalates  of  quina  and  quinidine  is  made  use 
of.  The  oxalate  of  quinidine  is  so  soluble  in  cold  water  that  it  is  not 
precipitated  in  the  double  decomposition  produced  when  solutions  of 
oxalate  of  ammonium  and  sulphate  of  quinidine  are  mixed.  Under  the 
same  conditions,  quina,  on  the  contrary,  is  precipitated  so  that  the 
liquid  onlyTctains  slight  traces  of  it.  The  operation  is  conducted  in 
the  following  manner : 

Ten  grammes  of  the  suspected  salt  are  dissolved  in  water,  precipi- 
tated by  a  slight  excess  of  oxalate  of  ammonia  and  filtered.  If  the 
sulphate  be  pure,  the  61tered  liquid  scarcely  becomes  cloudy  by  the 
addition  of  ammonium  ;  if,  on  the  contrary,  it  contain  sulphate  of  quini- 
dine, this  latter  is  wholly  contained  in  the  filtered  liquid,  which  gives 
an  abundant  precipitate  when  ammonia  is  added. 

Cinchonia  (C*H**N*0).— It  has  been  seen  that  the  mother-liquors 
obtained  in  the  preparation  of  sulphate  of  quina  contain  also  sulphate 
of  cinchonia.  This  latter  alkaloid  may  be  extracted  in  a  pure  state  by 
precipitating  by  sodic  carbonate  and  digesting  the  precipitate  in  ether, 
which  dissolves  the  quina  and  leaves  the  cinchonia.  This  latter  is 
then  dissolved  in  alcohol,  the  solution  is  decolorized  by  animal  char- 
coal, filtered  and  left  to  evaporate  slowly.  The  cinchonia  is  deposited 
crystallized  in  quadrilateral  prisms  or  in  fine  colourless  and  brilliant 
needles,  which  do  not  contain  any  water  of  crystallization. 

Cinchonia  is  insoluble  in  cold  water,  and  requires  2500  parts  of  boil- 
ing water  for  its  solution ;  it  dissolves  in  alcohol  less  readily  than  does 
quina,  and  is  almost  insoluble  in  ether ;  it  is  slightly  soluble  in  chloro« 
form,  and  in  the  fifttty  and  the  essential  oils.  It  has  a  bitter  taste, 
which  is  developed  slowly  in  consequence  of  the  slight  solubility  of 
the  alkaloid. 
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Solution  of  cinchonia  possesses  an  alkaline  reaction  and  is  dextro- 
gyrate.    Its  rotatory  power  is  weakened  by  acids. 

Cinchonia  melts  at  165°  into  a  liquid  which,  on  cooling,  becomes  a 
crystalline  mass.  At  a  higher  temperature  it  is  sublimed,  emitting  an 
aromatic  odour.  In  hydrogen  and  ammoniacal  gases  cinchonia  may  be 
Aublimed  in  the  form  of  brilliant  prisms  nearly  an  inch  in  length. 

Cinchonia  presents  considerable  resistance  to  the  action  of  oxidizing 
agents ;  it  dissolves  readily  in  acids,  giving  well-defined  salts. 

With  chlorine  or  bromine  it  gives  a  chlorinated  or  brominated  alka- 
loid. The  solutions  of  its  salts  do  not  turn  green,  like  those  of  quina, 
when  ether,  chlorine  water,  and  ammonia  are  successively  made  to  act 
upon  them. 

It  acts  in  the  same  manner  as  quina  with  iodine  and  iodized  iodide 
^         of  potassium. 

^  Distilled  with  the  hydrate  of  potassium,  it  gives,   like  quina,  a 

^  mixture  of  volatile  alkaloids  containing  quinoline  (C'H'N),  lepidine 

J.  (C'H'N),  pyrridine  (C»'H»N),  piccoline  (CH^N),  lutidine  (CH'N), 

and  oollidine  (C«H"N). 

Cinchonia  is  less  efficacious  as  a  febrifuge  than  quina. 

Its  salts  are  generally  more  soluble  in  water  and  alcohol  than 
.  those  of  quina. 

Like  quina,  cinchonia  forms  two  salts  with  each  acid ;  one  is  neutral, 
and  contains  two  molecules  of  a  monatomic  acid,  or  one  molecule  of  a 
biatomic  acid  for  each  molecule  of  cinchonia ;  the  other  is  basic,  and 
contains  a  single  molecule  of  a  monatomic  acid  for  one  of  cinchonia,  or 
one  molecule  of  a  biatomic  acid  for  two  of  cinchonia.     For  example : 


Basic  hydrochlorate  . 
Neutral  hydrochlorate 
Basic  sulphate  .  .  . 
Neutral  sulphate     .     . 


C^'-N'O.HCl 
C«H»*NK).(HC1)« 
(C»H^N«0)«.ffS0*+3aq. 
C~H«NK).H*S0*+2aq. 


Cinchonia  acts  like  quina  with  the  iodide  of  methyl ;  with  such 
bodies  it  forms  iodides  of  alkaloids  which,  in  a  free  state,  belong  to  the 
type  of  hydrate  of  ammonium,  and  whose  hydrates  are  obtained  by 
causing  moist  oxide  of  silver  to  act  on  these  iodides : 

(C*^H«N«0)    +    (CH»I)     =     (C»H«(CH»)N*O.I) 

Cinchonia.  Iodide  of  Iodide  of  meib7l<dncbon7l- 

metbyL  anunooimn. 

Aoonltina  (C?^^(y).—ThiB  alkaloid  exists  in  the  leaves  of  the 
AeanUum  napetlus.  To  extract  it,  these  leaves  are  exhausted  by  alcohol, 
and  the  alcoholic  solution  is  treated  with  h3'drate  of  calcium. MLlie  alka- 
loid liberated  by  this  base  remains  dissolved.  The  solution  is  filtered 
and  sulphuric  acid  added.  Sulphate  of  calcium  is  deposited,  and  separated 
by  filtration ;  then  the  solution  is  evaporated  to  remove  the  alo^ol, 
and  the  aconitina  is  precipitated  in  a  more  or  less  impure  state  from  the 
aqueous  solution  by  means  of  an  alkaline  carbonate,    llie  precipitate 
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is  rediBsolved  in  alcohol,  which  is  evaporated  after  having  been  de- 
colorized by  animal  charcoal.  The  residae  is  redissolved  in  sulphuric 
acid,  and  again  precipitated  by  an  alkaline  carbonate  :  this  precipitate, 
treated  with  ether,  leaves  pare  aconitina  in  solution. 

In  a  pure  state,  aconitina  is  deposited  from  its  solution  in  dilute 
alcohol  in  the  form  of  white  pulverulent  grains,  and  sometimes  also  in 
the  state  of  a  compact  vitreous  transparent  mass.  It  is  inodorous,  and 
very  bitter,  slightly  soluble  in  cold  water,  and  more  so  in  boQing 
water,  of  which  it  requires  50  parts  for  its  solution ;  this  solution  is 
strongly  alkaline.  It  dissolves  readily  in  alcohol,  but  is  not  soluble  in 
ether.  It  is  not  coloured  by  the  action  of  nitric  acid,  but  sulphuric 
acid  imparts  first  a  yellow,  then  a  violet-red  colour  to  it. 

Aconitina  melts  at  80^  and,  on  cooling,  becomes  a  vitreous  mass, 
without  losing  water ;  at  220°  it  becomes  brown,  and  decomposes  at  a 
higher  temperature. 

With  aconitina,  tincture  of  iodine  gives  a  precipitate  of  the  colour 
of  kermes, 

Aconitina  is  a  poweiful  poison,  one  milligramme  of  which  will  kill 
a  bird  in  a  few  minutes,  and  five  milligrammes  will  kiU  it  immediately. 
The  animal  dies  with  violent  tetanic  convulsions.  It  also  produces 
dilatation  of  the  pupils. 

The  salts  of  aconitina  crystallize  with  difficulty;  they  dissolve 
readily  in  alcohol  and  in  water,  but  are  not  deliquescent.  The  alka- 
lies precipitate  aconitina  from  the  aqueous  solution  of  its  salts. 

Veratrla  (C»*H"N«0").— Veratria  is  found  in  the  fruit  of  Verairum 
tabadilla,  in  white  hellebore  (Verairum  aJbum),  and  probably  in  otlier 
species  of  veratrum.  It  is  extraoted  from  the  fruit  of  the  Veratnim 
sabadilla,  which  has  the  husks  removed  and  is  powdered,  by  a  similar 
process  to  that  by  which  aconitina  is  extracted  from  Aconitum  napeUus, 

Yeratria  is  generally  found  in  a  white  or  greenish-white  crystalline 
powder.  It  crystallizes  in  long  prisms  having  a  rhombic  base  by  the 
spontaneous  evaporation  of  its  alcoholic  solution.  It  is  insoluble  in 
water,  and  in  alkaline  liquids,  very  soluble  in  alcohol,  and  slightly  so 
in  ether.    Its  solutions  turn  litmus  blue. 

Yeratria  melts  by  heat,  and  is  decomposed  at  a  high  temperature. 
Concentrated  nitric  acid  colours  it  a  beautiful  scarlet,  which  afterwards 
becomes  yellow ;  sulphuric  acid  ooloui-s  it  yellow,  then  reddish  blue  ; 
concentrated  hydrochloric  acid  dissolves  it,  giving,  especially  when 
hot,  a  deep-violet  liquid. 

Yeratria  dissolves  in  dilute  acids.  On  evaporating  these  solutions, 
salts  are  obtained,  of  which  many  are  crystallizable.  Fixed  alkalies 
and  ammonia  precipitate  veratria  from  solutions  of  its  salts. 
%uYeratria  is  a  powerful  sternutatory,  and  is  so  poisonous  that  three 
milligrammes  have  killed  a  cat  in  ten  minutes :  when  administered 
in  small  doses  it  causes  vomiting  and  purging. 

Atropia  (C*'H'*NO"). — Atropia  is  contained  in  belladonna  (Airopa 
beUadonna),  and  in  the  roots  of  the  Datura  stramonium. 
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To  extract  atropia  f]X>m  belladoDna  the  roots  of  tliis  plant  are 
digested  in  alcohol,  hydrate  of  calcium  is  added  to  this  tincture  to 
liberate  the  alkaloid,  and  the  mixture  is  then  filtered.  The  filtered 
liquid  is  saturated  by  a  slight  excess  of  dilute  sulphuric  acid,  then 
boiled,  to  drive  off  the  alcohol  it  contains,  and  finally  precipitated  by 
carbonate  of  potassium.  As  soon  as  it  begins  to  turn  cloudy  it  is 
filtered,  and  the  atropia  crystallizes  after  a  little  time.  It  is  purified 
by  several  crystallizations  from  alcohol.  The  temperature  must  not 
be  too  high  during  this  process,  as  atropia  is  easily  decomposed. 

Atropia  crystallizes  in  tufts  of  silky  needles ;  it  is  little  soluble  in 
water,  more  so  in  ether,  and  very  soluble  in  alcohol.  It  is  strongly 
alkaline,  and  has  a  very  bitter  taste ;  it  melts  at  90^,  and  is  volatilized 
at  140°  with  partial  decomposition. 

Atropia  dissolves  readily  in  acids ;  its  salts  crystallize  with  difficulty, 
and  are  speedily  decomposed  in  the  air. 

Chloric  acid  dissolves  it,  but  again  leaves  it  by  spontaneous  evapora- 
tion.    Nitric  acid  attacks  it,  disengaging  reddish  vapours. 

When  atropia  is  boiled  for  some  time  with  concentrated  hydrochloric 
acid,  an  oil  is  formed  which  floats  on  the  surfiice,  and  on  cooling 
becomes  a  crystalline  mass:  the  body  thus  produced  possesses  acid 
properties.  The  hydrochloric  acid  holds  in  solution  an  alkaloid  whose 
formula  is  (C*ff *N0).  This  alkaloid  is  crystallizable,  and  melts  at  60°. 
Atropia  has  been  split  up  into  atropic  acid  and  an  alkaloid,  tropine,  by 
submitting  it  to  the  action  of  hydrate  of  barium.  M.  Eraut,  to  whom 
we  owe  this  experiment,  has  lately  shown  that  the  products  obtained 
by  barium  are  identical  with  those  obtained  by  means  of  hydro- 
chloric acid. 

The  composition  of  atropic  acid  now  appears  to  be  definitely  settled. 
This  acid  is  an  isomer  of  cinnamic  acid,  and  has  the  formula  (CH'O'). 
It  is  true  that  those  who  prepared  it  by  means  of  hydrochloric  acid 
wrote  it  (C»*H"0*),  but  this  is  owing  to  the  feet  that  it  is  difficult  to 
obtain  it  pure  by  this  method. 

Atropic  acid  is  always  accompanied,  according  to  M.  Lossen's  recent 
researches,  by  another  acid,  which  contains  an  additional  molecule  of 
water,  tropic  acid  (C*H*W).  The  formation  of  these  products  is  ex- 
plained by  the  following  equations : 

1st.  (C^ai"NO»)  +   (IPO)    =    (cm'^o")  +  ((?ir*NO) 

Atropia.  Wstr^r.  Tropic  acid.  Troplne. 

2nd.  ((7H^«0»)     -     H'O     =     (C*H«0*) 

Tropic  add.  Water.  Atropic  add. 

When  a  mixture  of  atropia  and  iodide  of  ethyl  is  heated,  a 
crystalline  precipitate  is  formed  of  iodide  of  ethyl-atropinium 
(0^'H«(C«H*)NO»I). 

Atropia  acts  as  a  violent  poison  on  the  animal  economy.  It  dilates 
the  pupil  powerfully,  imparts  a  dry  sensation  to  the  mouth,  with  con- 
striction of  the  throat,  and  causes  headache. 

3  B 
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The  BAltB  of  atropia  are  only  precipitated  by  the  alkalieB  when  Iheii 
eolutioiiB  are  highly  ooncentrated ;  taimin  only  precipitatoB  thcan  in 
preeenoe  of  hydrocUoric  aoid« 


TTBIC  ACID  OBOITP. 

The  fandamental  compound  of  this  group  is  tuic  acid  (CfH^K)^). 
This  acid  exists  in  the  urine  of  carnivorous  animals;  herhiTorooB 
animals  do  not  produce  any  unless  they  are  kept  from  food,  in  which 
case  they  live  at  the  expense  of  their  own  suhstance,  that  is  to  say,  vre 
brought  to  the  condition  of  carnivorous  animals. 

When  uric  acid  is  submitted  to  oxidising  actions,  it  splits  up  into 
urea  and  alloxan : 

(CTa*N*(y)    +    ^|o)    +    0     =     (C*H«NK)0     -h    (CH*^'\)) 

Uric  Add.  Wfttor.  Ozygai.  Alloxan.  Cm. 

If  alloxan  be  acted  upon  by  bases  it  combines  with  them ;  but  when 
we  try  to  separate  it  from  these  combinations,  alloxanic  acid  (CfH^S^) 
is  obtained : 

(C*H«N«0*)      +      (HK))       =       (C*H*NW) 

Alloxan.  Water.  Alloxanic  add. 

When  alloxanates  are  boiled,  they  are  transformed  into  mesoxalatefl 
and  urea : 

(C*H«Ba"N'0»)    +     (H'O)     =     ((?Ba"0»)    +     (CH*N«0) 

Barytlo  alloxanate.  Water.  BarTtIc  Um. 

meeozalate. 

Submitted  to  the  influence  of  reducing  agents,  alloxan  fixes  ft 
molecule  of  hydrogen  and  is  converted  into  dialuric  acid : 

Alloxan.  Hydrogen.  Dialnrlc  add. 

If  the  reducing  action  be  less  prolonged,  a  compound  of  dialuric  bcH 
and  alloxan  is  obtained,  which  results  from  the  condensation  of  two 
molecules  of  alloxan  into  one,  with  fixation  of  W :  this  body  is  called 
alloxantin : 

2(C*H'N«0*)      +      W      =       (C«H«N*0«) 

Alloxan.  Hydrogen.  Alloxantin. 

On  mixing  nine  parts  of  dialuric  acid  with  five  of  glycerine  dried 
at  160°,  and  submitting  the  mixture  for  some  time  to  a  temperatai^ 
of  140^  or  150°,  a  solid  mass  is  obtained  which,  when  freed  by  water 
from  the  glycerine  it  contains,  is  the  ammoniacal  salt  of  a  new  acid« 
hydurilio  acid.     This  salt,  dissolved  in  boiling  ammonia  and  precipi- 
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tated  when  hot  by  sulphate  of  copper,  gives  a  deposit  of  cupric 
hydurilate,  from  which  the  hydurilic  acid  may  be  extracted  by  means 
of  hydrochloric  acid  :  • 

6(C*HW0^)     =     2(C»H*(NH*)N*O0    +    3fC0*)    +    (CH«0>) 

DUlarlc  add.  Hydurilate  of  ammonium.  Carbonic  Formic  add. 

anhydrids. 

Heated  with  nitric  acid,  hydurilic  acid  furnishes  the  following 
derivatiyes : 

Violnric  (nitroso-barbituric)  acid       ....     C'H»(NO)N*0'. 
Dilituric  (nitro-barbitnric)  acid    .      .      .     ,      .     C^H»(NO*)NK)". 
Violantin  (a  combination  of  the  two  preceding).     C®H'(NO,NO*)N^O*. 

(C»H«N^*)    +     (NHO»)     =     (C*H«(NO)N»(y) 

Hydarilic  add.  Nitric  add.  Violnric  add. 

+    (C*IPN«O0    +    (BTO) 

AUozan.  Water. 

(C»H«N*0*)    +    2(NH0»)     ^     (C*H*(NO^)NW)    +    (C^HWO^ 

HydoilUcadd.  Nitric  add.  Dilituric  •dd.  AUosan. 

+    (NHO«)    +    (BPO) 

Nitrous  add.  Water. 

Yiolnric  and  dilituric  acids,  when  treated  with  bromine,  lose  the 
nitrogenized  group  they  contain  and  an  atom  of  hydrogen,  and  take 
in  exchange  a  molecule  of  bromine ;  bibromo-barbituric  acid  is  thus 
formed : 

(C'H'(NO)N»0')    +     2(^lfj     =     (NOBr)    +    (HBr) 

Vloluricadd.  Bromine.  Nltrona  TTydrobromlc 

bromide.  acid. 

+     (C^H'Br»N'0») 

BIbromo-barbituric  acid. 

Under  the  action  of  reducing  agents  bibromo-barbituric  acid  can 
furnish  monobromo-barbitnric  acid  (C*H"BrN*0')  and  barbituric  acid 
(C*H*N'0*) ;  when  water  intervenes  in  the  reaction,  it  may  be  trans- 
formed into  hydurilic  and  dialuric  acid& 

Dialuric  acid  (C*H*N*0*)  is  simply  oxybarbituric  acid : 

(C^H^N'C)     +     0     =     (C*H^N»0*) 

BarMtmic  add.  OxjfBm.  Dialuric  add. 

When  barbituric  acid  is  heated  for  some  time,  it  is  conyerted  into 
dibarbituric  acid,  a  molecule  of  water  being  elimioated : 

2(C*H*NK)»)     =     (H«0)    +    (C-H-N^O*) 

Barbituric  add.  Water.  Dibarbituric  add. 

3  B   2 
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Thus,  starting  from  alloxan,  the  fint  product  of  oxidation  of  niic 
aoid,  the  following  series  of  compounds  are  obtained : 

Alloxan  .     .    " (C*H«ITO*) 

Alloxanio  aoid (OH*ITO»)  =  a  molecule 

of  alloxan,  plus  a  molecule  of  water. 

Mesoxalio  acid (CTPO*) 

Dialurio  acid (C*H*NK>*)  =  a  molecule 

of  alloxan,  plus  a  molecule  of  hydrogen. 

Alloxantin  (CH'NH)')  «  two  molecules  of  alloxan,  plus  a  molecule 
of  hydrogen  (a  molecule  of  alloxan,  plus  one  of  dialuric  acid). 

Hydurilic  acid  (CH'N^O*)  =  two  molecules  of  dialuric  acid,  less  an 
atom  of  oxygen  and  a  molecule  of  water. 

Barbituric  acid  (C^H^NK)')  =  dialuric  acid,  less  an  atom  of  oxygen. 

Lastly,  the  brominated,  nitrogenized,  nitrous,  and  nitroso-nitro- 
genized  deriyatives  of  barbituric  acid : 

Bromo-barbituric  acid C'H'BrN'O' 

Bibromo-barbituric  acid C^ffBi^W 

Nitroso-barbituric  (violuric)  acid     .     .  C*H«(NO)NH)* 

Nitro-barbituric  (dilituric)  acid  .     .     .  C*H»(NO»)N«0* 

Violantin (7'H«(N0,N(y)NX)« 

A  second  group  may  be  placed  beside  this  first  one.  If  alloxan 
be  oxidized  by  means  of  nitric  acid,  carbon  and  oxygen  are  eliminated 
and  parabanic  acid  (C*H*NK)')  is  produced : 

(C*H«N«0*)    4-0     =     (C0«)     +     (C»ff»N»0») 

Alloxan.  O^rgen.  OBrbonie  Parabanic  add. 

anhydride. 

If  parabanic  acid  be  treated  with  ammonia,  the  ammoniacal  salt  of  a 
new  acid,  oxaluric  acid,  is  formed:  this  new  acid  bears  the  same 
relation  to  parabanic  acid  that  alloxanic  acid  does  to  alloxan,  that  is 
to  say,  it  contains  a  molecule  more  of  water : 

(C'H'N'O*)     +     (BPO)     =     (C»H*N«O0 

FUabanic  acid.  Water.  Oxalorlc  add. 

The  aqueous  solution  of  oxaluric  acid  is  decomposed  by  heat  into 
oxalic  acid  and  urea : 

((?H*N«0*)     +     (ffO)     =     (C«H«0*)    +    (CH*NK)) 

Oxaluric  add.  Water.  Oxalic  add.  Urea. 

Under  the  influence  of  nascent  hydrogen,  parabanic  acid  becomes 
doubled  and  hydrogenized  in  the  same  manner  as  alloxan.  Oxalantin 
is  thereby  produced : 
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H 

Fiaribaoic  add.  Hydrogen.  Ozalaiitin. 


2((?H*NK)»)    -j-    ^1     =     (C'H'N^O*) 


Oxalantin  appears  to  be  identical  with  leucoturio  aoid,  wliich  is 
produced  when  allozanic  acid  is  decomposed  by  heat.  In  this  reaction, 
allanturic  add  (C'H*N^)  is  also  produced,  which  differs  from  para- 
banic  acid  by  containing  H'  more,  exactly  as  dialuric  acid  differs  by 
+  H*  from  alloxan : 

(CH«NH)»)    +    h|     =     (C?H*NK)») 

fteabanic  add.  Hydrogen.  Allaotaric  add. 

The  same  reaction  gives  rise  to  hydantoin  ((?H^N'0'),  which  repre- 
sents allanturic  acid  less  an  atom  of  oxygen,  and  which  consequently 
is. to  allanturic  acid  what  barbituric  is  to  dialuric  acid : 

(C»H*N*(y)     -     0     =     ((JH^NHy) 

Allantoiic  add.  Oxygen.  Hydantdn. 

The  formation  of  these  different  products  in  the  decomposition  of 
alloxanic  acid  may  be  readily  understood ;  there  is  first : 

(C*H*N>0»)     =     CO*    +     H*    +     (C'H'NK)') 

AUoxftDlcadd.  Oftrbonio  Hydrogen.  Parabaolo  add. 

anhydride. 

It  is  natural  that  the  hydrogen  set  free  should  react  on  parabanio 
acid,  and  give  rise  to  leucoturic  and  allanturic  acids  and  to  hydantoin. 

When  gently  heated  with  baryta  water,  hydantoin  fixes  H'O,  and  is 
transformed  into  hydantoic  acid  (0*H*N*0*).  This  body  has  no  analo- 
gous one  in  the  series  of  alloxan ;  if  there  were  one,  it  would  be  an 
acid  derived  from  barbituric  acid  by  fixing  H'O,  and  its  formula  would 
be  (C*H«N«(y). 

When  alloxantin  is  boiled  with  hydrochloric  acid,  a  new  body, 
allituric  acid  (CH'N^^),  is  formed.  This  body  bears  the  same  rela* 
tion  to  allanturic  acid  and  to  hydantoin  that  hydurilic  acid  bears  to 
barbituric  and  dialuric  acids.  As  hydurilic  acid  represents  a  double 
molecule  of  dialuric  acid  less  an  atom  of  oxygen  and  a  molecule  of 
water,  so  also  allituric  acid  represents  a  double  molecule  of  allau- 
turic  acid  less  an  atom  of  oxygen  and  a  molecule  of  water : 

2(C*H*N-0*)     -     HH)     -     0     =     (C»H'N*0-) 

Dlatoite  add.  Water.  Oxygen.  Hydmillo  add. 

2(C'n*N«0»)     «     H*0     -     0     =     (C^«N*0*) 

Allantnrlc  add.  Water.  Oxygea  AUitnrlcadd. 

And  as  hydurilic  acid  may  be  regarded  as  resulting  from  the  combi- 
nation  of  a  molecule  of  dialuric  acid  with  one  of  barbituric  acid  united 
with  the  elimination  of  HK),  so  also  allituric  acid  maybe  considered  as 
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resulting  from  the  cx>mbiiiation  of  a  molecule  of  allaiitaric  acid  witli 
one  of  hydantoin  wiih  the  elimination  of  WO : 


(C^H^NK)*)     +     (C*H*N'0»)     =     H«0    + 

DiAlnrio  add.  Butitorio  mU.  Water. 


(CTa[«N*cn 

HsPduilic  acid. 


AUiataiic  •d'l.  Mydutoln.  Water.  AlUtnrtcadd. 

The  nitrons  and  nitric  derivatives  of  hydantoin  corresponding  to 
violuric  and  dilitnrio  acids  and  to  violantin  have  not  as  jet  been  pre- 
pared, neither  has  monobrominated  nor  bibrominated  hydantoin  oorre- 
sponding  to  monobromo-  and  bibromo-barbitnric  acids  as  yet  been 
obtained. 

To  sum  np,  there  exist  seven  derivatives  of  parabanic  acid  which 
are  to  this  acid  what  its  derivatives  are  to  alloxan : 

Parabanic  acid  C'H'NK)*. 

Oxaluric  acid  CH^NK)^  =  parabanic  acid,  plos  a  molecnle  of  water. 

Oxalic  acid  C"H*0\ 

Oxalantin  or  lencotnric  acid  C'H'N^O*  =  two  moleenles  of  parabanio 
acid,  plus  H*. 

Allanturic  acid  CH^NH)'  =  a  molecnle  of  parabanio  acid,  pins  H  . 

Allituric  acid  G*H'N^O^  =^  two  molecules  of  allanturic  acid,  less 
HK),  and  O. 

Hydantoin  O'H^N'O'  «=  allanturic  acid,  less  an  atom  of  oxygen. 

Hydantoic  acid  C'H'NK)'  =  a  molecnle  of  hydantoin,  plus  BTO. 

In  order  to  show  the  parallelism  existing  between  these  different 
series,  we  will  write  them  in  order : 


C*H»N»0* 

-       CO 

^ 

C»H«1TO* 

Alloxan. 

Parabanic  ackL 

C*H*N"0» 

-    CO 

^^ 

C"H*N*0* 

Alloxanic  aoid. 

Oxalwtoadd. 

C'HPO* 

-    CO 

ss 

C«H*0* 

Mefloxallc 
acid. 

Oxalic  add. 

(?H«N^O» 

Allozantin. 

-  200 

= 

C«H«NW 

licacotario  add 

C*H']SfO* 

-     CO 

:= 

CH^NW 

DUlnrieacM. 

AUantorle  add. 

cm'W(y 

-  2C0 

ss 

C*H«N*0* 

UTdnrlUetdd. 

AlUiaric  acid. 

C^H'N'O* 

-     CO 

~ 

C»H*N*0* 

BarUtniic  KM. 

Hydantoin. 

C'M'BrN'O* 

V            *            a 

Bmmo-lxurUtaric 
add. 
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C*H«Bi*K»0« 

Blhramo-butiturto 
add. 

C*H»(NO)N'0» 

Ylolorlc  acUL 

C*HXN(y)NW 

DUitniic  add. 

C-H*(NO,NO»)N*(y 

Ylolantln. 

CH*N«0» 

Hjdantolo  add. 

In  the  parabanic  group  there  are  also  included : 
Isi.  Allantoin,  which  is  produced  when  uric  acid  is  heated  with 
water  and  peroxide  of  lead  : 

(C*H^N*(y)  +  (HK))  4-  (PbO«)  =  (^!,\  (A  +  (C*H*N*0») 

Uric  acid.  Water.  PlamUo  CarboDateof  Allantoin. 

aohydridOt  lead. 

and  which  is  found  ready  formed  in  the  amniotic  liquid  of  the  cow. 
Acted  upon  by  hydriodic  acid,  allantoin  splits  up  into  hydantoin  and 
urea,  and  iodine  is  deposited : 

(C^H-NH)*)    +    2(^1)     =     J|     -f-    (CH*N«0)     +    (C»H*1TO«) 

Allantoin.  Hydriodic  Iodine.  Urea.  Hydanlgin. 

add. 

2nd.  Tribromacety  1-urea  (C*H*Br^*0"),  obtained  by  causing  chlorine 
or  bromine  to  act  on  bibromo-barbituric  acid  in  presence  of  water : 

(C*H«Br»N»0«)    +    (H«0)     -f     Br*     «     (C0») 

Blbramo-barUtoric  Water.  Bromine.  Carbonle 

add.  ,  anliydride. 

+     (HBr)     +     (CTPBr-N'O*) 

Hydrobnnio  TUbromaoeljUe  urea, 

add. 

3rd.  Isobiuret  (C^'N'O*),  arising  from  the  reaction  of  ammonia  with 
tribromacetyl-urea : 

(C'H'Bt'N'O*)    -f    (NH»)     =     ((?H»1TO")    4-    (CHBr») 

Tribromaeetyllc  area.  Ammwila  laoUoret  Bromoform. 

4th.  Bromacetyl-urea,  which  may  be  obtained  by  causing  the  bro- 
mide of  brominated  acetyl  to  act  on  urea : 

(C'H^rO.Br)     +     (CH*N«0)     =     (CTBL^BrNK)*)    +    HBr 

Bromide  of  brominated  Urea.  Bromaoetyl-iirea.  Hjdrobromie 

aeetjL  Mid. 

Hydantoin  may  be  prepared  synthetically  by  means  of  bromaoetyl- 
urea,  which  must  be  heated  with  an  alcohoHo  solution  of  ammonia.    A 
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molecule  of  hydrobromic  acid  is  separated,  and  the  bromacetyl-nret  ia 
transformed  into  glyeolyl-area  or  bydantoin : 

(C«IPBrN«0*)     +     (NH»)     =     (XH*Br)     +     (C^*NH)*) 

Brunuoetyl'OrML  AmmoDla.  Ammoolc  BjdaaMt. 

branide. 

To  alloxan,  to  allozantin,  and  to  dialnric  and  oxalnric  acids,  Hien 
correspond  amides,  which  we  will  proceed  to  examine. 

If  hot  alloxan  be  treated  with  ammonia,  a  body  in  obtained  whidi  is 
called  mycomelic  acid,  and  which  is  alloxanamide,  having  the  formula 
(C*H^N*0«) : 

(C*H«N*(y)     +     2(NH«)     =     2(H«0)     +     (C*H*NH)») 

AllozAa.  AmmoDU.  Water.  AUDxaoamidc. 

,  When  a  solution  of  anmionic  chloride  is  added  to  a  solution  of  allox- 
antin,  dialuramide  (uramil)  (C^H'N'O*),  alloxan,  and  hydrochloric  scid 
are  produced  : 

(C"I1«N*0*')     -f.    (NH*C1)     =     (C*HWO«)    +     (C'H'NW) 

AUoxaDtlo.  Cblorld«of  IHalnruDkl*  AIIotmi. 

ammoQlom.  (uramil). 

+    (HCl)  +    (H»0) 

Uydrucbluric  Water, 

add. 

On  causing  oxide  of  silver  or  mercuric  oxide  to  act  on  dialuramide, 
so  as  to  oxidize  this  body  slowly,  purpurate  of  ammonium,  called  also 
mnrexid,  is  obtained.  This  body  is  none  other  than  the  ammoniacal 
salt  of  alloxantinamido  (purpuric  acid),  as  yet  unknown  in  the  b^ 
istate: 

2(C*H*N*0*)     +     0     =     (C'nXNn*)N*0«)   +     (h[^) 

Dialurumidc.  Oxygen.  I*urpurate  of  ammonhim  Water. 

MM.  Hosing  and  Schischkofl'  have  obtained  a  body  which  tbey 
call  oxalan  by  treating  alloxan  with  ammonia  in  presence  of  hydro- 
cyanic acid :  the  formula  of  oxalan  is  (C*H*K  *()■),  and  is  formed  accord- 
ing to  the  following  equation : 

2(C*H«N^)     +     (H*0)    +    (NH»)     =     (CffK-C) 

Alloxan.  Water.  Ammonia.  Oxalao. 

4-     (C*H*N^O0    +    CO* 

Dkluric  acid.  Carbonic 

anhydride. 

M.  Strecker  has  shown  that  this  body  should  be  regarded  as  oxalor- 
amide :  on  substituting  ethylamino,  aniline,  or  toluidine  for  ammonia 
in  this  process,  he  has  succeeded  in  preparing  compounds  which  repre- 
sent oxalan,  one  atom  of  hydrogen  of  which  is  replaced  by  ethyl,  phenyl 
or  benzoyl.     Now  the  product  which  contains  phenyl  is  identical  vfiih 
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I         phenyl- oxaluramide  (oxaluranilide)  obtained  by  Laurent  and  Gerhardt 
by  the  direct  action  of  aniline  on  parabanic  acid  : 

(CH'N'O')     +     (^h2}n)     =     (C»H*(C»H*)N»0») 

Faraboolc  acid.  Aniline.  Fhcnyl-ozaluramfde. 

c  Thionnric  acid  (C*H*1TO*.S0*)  mnst  bo  added  to  the  preceding 

^  componnds.     It  contains  the  elements  of  alloxan,  ammonia,  and  snl- 

.^         phurous  anhydride,  and   is  prepared  by  transmitting  a  current  of 
^         sulphurous    anhydride    through  a  boiling    solution    of    alloxan    in 
ammonia : 

(C*H«N*O0  +  (Nff)   +   (SO^    =    (C*H*N»SO«)  =   (C*H»N»0*.SO') 

V , P 

**  Alloxan.  AmmQUlA.         Sulphuroua  Thionnilc  add. 

anbydrlde. 

:.  The  solution  of  thionuric  acid  becomes  cloudy  on  boiling,  sulphuric 

acid  is  set  free,  and  dialuramide  is  deposited : 

:  (C*H»N»0*,SO')    +     (ffO)     =     (^H«'|^0    +    (C*HWO») 

'niimiuric  acid.  Water.  Sulphoric  add.  Dialnramide. 

In  order  to  understand  the  manner  in  which  aU  these  ammoniacal 
derivatives  are  formed,  it  must  be  borne  in  mind  that  under  the  in- 
fluence of  reducing  bodies  alloxan  fixes  hydrogen,  and  is  transformed 
^         into  dialuric  acid ;  that  this  latter  loses  hydrogen  when  submitted  to 
•^  oxidation,  and  re-forms  alloxan,  and  finally,  that  alloxantin  is  a  oombi- 

^  nation  of  alloxan  and  dialuric  acid. 

If  alloxan  be  treated  with  ammonia,  these  two  bodies  unite,  eliminat- 
ing water,  and  producing  alloxanamide  (mycomelic  acid). 

If  sulphurous  anhydride  be  made  to  take  part  in  the  reaction,  a 

simple  combination  of  the  bodies  in  question  takes  place ;   but  if  heat 

^  be  used,  the  sulphurous  anhydride,  which  is  a  reducing  agent,  passes 

to  the  state  of  sulphuric  acid,  and  dialuramide  is  formed. 
i  It  will  be  conceived  that  dialuramide  will  also  be  formed  when 

^'  alloxantin  is  submitted  to  the  action  of  an  ammoniacal  salt,  but  then 

^         alloxan  would  be  set  free. 

It  is  also  to  be  expected  that  on  oxidizing  dialuramide  it  will  be 
converted  into  alloxantinamide  by  losing  hydrogen. 

Recently,  M.  Baeyer,  to  whom  we  owe  all  the  compounds  which 
have  lately  been  discovered  in  the  uric  acid  series,  has  observed  that 
uramil  is  formed  when  violuric  or  dilituric  acid  is  treated  with  nascent 
hydrogen.  This  reaction  is  analogous  to  that  in  which  oxybenzamide 
is  formed,  by  causing  nascent  hydrogen  to  act  on  nitrobenzoic  add.  It 
must  not  be  forgotten  that  dialuric  is  identical  with  oxybarbituric  acid, 
and  that  dilituric  is  nitrobarbituric  acid : 

(c^h*(l\o«)o»)   +   H*   =--    2(11*0)   +   (cimcy) 

Nitrobenzok  add.  Uydrogn.  Waller.  Ozybcniamldc. 
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(C*H«(NO»)N'0*)     +     H«     =     2(ffO)    +    (C*ffNW) 

IHUtnric  add.  HydrogeD.  Water.  Dtalanmide. 

M.  BaBjer  has  also  observed  that  dialuramide  absorbs  the  Tapoors  of 
cyanic  acid,  and  produces  a  new  acid,  which  differs  from  uric  acid  by 
the  addition  of  a  molecule  of  water :  he  calls  this  pseudo-uric  acid : 

(C*H»NK)»)    +    (CNHO)     -     (C'H-NX)0 

Ununll.  Qjruilc  add.  Fwndo-nric  add. 

Constitation  of  the  Urlo  Aeid  CompoundBp — According  to  H. 
Bsdyer,  the  two  groups  of  compounds  just  reviewed  have  a  similar 
oonstitutioD,  and  only  differ  in  the  nature  of  the  radicles  they  con- 
tain. They  are  all  derived  either  from  urea,  the  hydrogen  of  which  is 
replaced  by  compound  radicles,  or  according  to  a  mixed  type  of  a  mole- 
cule of  uroa  and  water,  or  of  a  molecule  of  ammonia  and  urea,  the 
ammonia  or  water  being  united  to  the  urea  by  means  of  a  polyatomic 
radicle.  The  bodies  derived  from  simple  urea  he  calls  urMes^  those 
derived  from  the  mixed  urea  and  water  type  he  designates  as  uranite 
addsy  and  those  from  the  mixed  urea  and  ammonia  type  he  calls 
uram%de9.  The  compounds  derived  from  a  double  molecule  of  urea, 
and  which  consequently  contain  four  atoms  of  nitrogen,  he  calls 
hiureides. 

The  parabanic  group  is  the  more  simple  of  the  two.  The  radicles 
which  act  in  it  are  acetyl  (C"H'0)  or  its  derivatives  by  substitution, 
glyoolyl  (Cna»0"),  oxalyl  (C»0«")i  and  glyoxylyl  (C«OH'"). 

Parabanio  acid  is  derived  from  oxalylurea : 


/  (CO)")     \ 


(CH'IW) 

I^uahuiie  add. 

Hydantoin  is  from  glycolyl-tirea : 


I(C!4wIn»| 


((?H*1TO') 

Hjdaatoln. 


Allanturic  is  an  uramio  acid,  that  is  to  say,  a  body  derived  from  the 
mixed  urea  and  water  type,  by  the  substitution  of  the  triatomic  radicle 
of  glyoxylic  acid  (C^O'")  for  H» : 


N' 


(CO^ 
|(C«HOg'|o 


=     (CH*NX)») 

AUantnric  add. 


Or,  what  is  better,  a  simple  ureide  : 


|(C«0»H)4n«] 
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if  the  formula  f '  H  i  ^)  ^  adopted  for  glyoxylic  acid,  in  accord- 
ance with  Dr.  Debus'  late  experiments. 

Allantoin  is  a  compound  of  allanturic  acid  and  urea ;  leucoturic  acid 
is  a  compound  of  allanturic  and  parabanic  acids ;  allituric  acid  is  a 
compound  of  allanturic  acid  and  hydantoin.  These  three  bodies  result 
from  the  addition  of  all  the  elements  of  their  components  with  the 
elimination  of  HH).  They  contain  four  atoms  of  nitrogen,  and  may  be 
regarded  as  biureides. 

Oxaluric  is  an  uramic  acid,  containing  the  radicle  oxedyl  ((70*)",  and 
hydantoio  acid  is  an  uramic  acid  containing  the  radicle  glycolyl 
(CffO)". 

Oxaluramide  and  biuret  are  uramides. 

The  rational  formulsB  of  all  the  compounds  of  the  parabanic  gproup 
are  included  in  the  following  table : 


Ureides. 


/  (CO)"]     \  /      (CO)")     \  /  (CO)"]     \ 


Acetyl-area  (and 
iu  brominat-.>(l  deriTatives). 


Hydaotoiu. 


Parabanic  add . 


/     (CO)"*]    \ 
l(C«HO)"'pj 


AUantoln  (glyozylic 
biorelde). 


Biureides. 

(C0)"«| 
(C'HOyL, 

(Cffiov'  r 

Allitario  add  (gtyoiyl- 
glyooUc  Unreide). 


,AN*-faq. 


LenooUiric  acid  (glyoxyl-oxaUc 
Uureide). 


Hydaniolc  add. 


Uramic  Acids. 


%af\\nt ' 


(CflO) 


h}o 


AlUntnk 


Oulnrio  MM. 


Uramides. 


((CO)" 

IdoblureL 

The  constitution  of  bodies  of  tlie  alloxan  group  may  be  explained  by 


748 


PRINCIPLES  OP  CHEMISTRY. 


similar  formolaB.  Bat  instead  of  the  radicles  of  acetic,  glycolic,  oxalic, 
and  glyozylic  acids,  these  compounds  contain  the  radides  of  malonic 
acid  (CffO")",  tartronic  or  oxymalonic  acid  (C'ffO*)"  =  (CTB^OHp^f , 
and  mesoxalio  acid  (C^y\  derived  from  malonyl  by  the  snhstitiitioii 
ofOforH": 


(C*HW) 

lUkoyL 


ft 


(GKyy 


There  is  the  same  relation  between  acetyl  and  glycolyl  as  between 
malonyl  and  triatomic  tartronyl  (C±lO")"' : 


(C*irO)' 

Ace^L 

(CRHyy 

MalonyU 


(C»H*0)" 

GljcoljL 


(C*IK)») 
Tartrunyl. 


Iff 


There  is  also  the  same  relation  between  malonyl  and  mesoxalyl  as 
between  glycolyl  and  oxalyl : 


(CTBK))" 

Glycolyl. 

(C'H^O*)" 

MaloDyl. 


(C*0«)" 

OzAtyL 

(CO*)" 

MeeozalyL 


The  result  is,  that  the  compounds  of  the  alloxan  gronp  present  the 
same  relations  to  each  other  as  those  of  the  parabanic  acid  group. 

We  will  give  a  table  of  the  rational  formulas  of  the  principal  com- 
pounds of  the  alloxan  group,  as  we  have  done  with  those  of  the  paia- 
banic  group : 


l(C»H*0 


(COY']      \  / 

h[*o*Hn»|        I(C': 


Barbituric  add 
(maloiiyl-urea). 


Ubeides. 

(CO)" 
H[0H]O 
H 


M 


Dialurio  acid  (ozymalonyl-nrea). 


Alloxan  (meaozalyl- 
mea). 


(CO)"*! 

(C'H'O0"In« 
((THO'V" } " 

Uydurlllc  acid 
(iual4»iyl-iartronylic  biureidu). 


BlUKEIDFS. 


/     (CO)'™)      \ 


Pfieudo-uric  acid 
(tnrtronyllc  blureidv). 


/     (CO)"*i 
|(CHO')"'lv«, 


AUoxantin  (tartiooyl- 
nMsosalic  Unreide). 
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UrAMIO  ACID6. 


(00) 

IP 

(C»0») 
I 

AUozanio  add. 

/      (CO)") 

UnuniU 

In  order  to  complete  tbe  study  of  the  uric  group,  we  must  show 
how  uric  acid,  the  body  used  to  prepare  all  these  compounds,  is  pro- 
cured. 

Uric  acid  is  generally  extracted  from  the  excrements  of  the  boa.  To 
^  effect  this,  these  excrements  are  powdered,  dissolved  in  dilute  potash 
and  boiled  until  ammonia  is  no  longer  disengaged.  The  liquid  is  then 
filtered,  and  a  current  of  carbonic  anhydride  is  passed  through  it, 
causing  the  formation  of  a  white  precipitate  of  acid  urate  of  potassium 
which  is  almost  insoluble.  This  precipitate  is  collected  on  a  filter 
and  washed  until  the  washings  precipitate  the  liquid  first  filtered. 
The  acid  urate  thus  obtained  is  redissolved  in  potash,  and  the  solution 
is  added  to  an  excess  of  boiling  hydrochloric  acid.  Perfectly  white 
uric  acid  is  precipitated,  and  must  be  collected  on  a  filter  and  well 
washed. 

Uric  acid  is  bibasic ;  it  is  almost  insoluble  in  water :  concentrated 
sulphuric  acid  dissolves  it,  but  water  precipitates  it  from  this  solution. 

When  uric  acid  is  treated  by  nitric  acid,  evaporated  over  a  water 
bath,  and  ammonia  added  to  the  residue,  there  is  formed  murexid  or 
diammonic  purpurate  (the  ammoniacal  salt  of  alloxantinamide),  which 
presents  a  beautiful  purple  colour.  This  reaction  is  characteristic  of 
uric  acid. 

Dctermination  op  the  Proportion  of  Uric  Acid  in  Urine. — A  few 
drops  of  hydrochloric  add  are  added  to  a  known  weight  of  urine  if  it 
do  not  contain  albumen ;  if  albumen  be  present,  acetic  or  phosphoric 
acid  must  be  used.  After  24  hours  the  precipitate  is  collected  on  a 
filter  previously  weighed ;  it  is  gently  washed,  dried  and  weighed. 
According  to  M.  Heintz,  the  slight  solubility  of  uric  acid  causes  a  loqs 
of  0*09  per  thousand  of  the  urine  used.  This  loss  is  not  increased  by 
the  presence  of  albumen  or  other  principles  of  the  blood,  and  in  all 
cases  it  is  compensated  by  the  accompanying  precipitation  of  a  certain 
quantity  of  colouring  matter.  However,  the  presence  of  the  principles 
of  bile  may  increase  this  loss  to  0*25  per  1000. 
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anANTETB,  XAKTHTNB  HYFOXANTHINE,  Etc. 

With  uric  acid  must  be  classed  three  bodies  which  Fesemble  it 
either  in  their  composition  or  in  their  reactions.  These  are  xanthine 
(C*H*N*0«),  hypoxanihine  (C«H*N*0),  and  guanine  (C*H*N*0). 

These  three  bodies  exist  in  the  organism,  and  may  be  extracted  by 
the  following  processes,  discoYered  by  M.  Schoerer. 

To  prepare  xanthine  or  hypoxanthine,  forty  kilogrammes  of  horse- 
flesh free  from  fat  is  chopped  up  and  macerated  for  24  hours  in  cold 
water.  This  is  then  expressed,  and  the  flesh  boiled  for  a  short  time 
with  a  fresh  quantity  of  water  and  again  expressed.  The  cold  infusion 
should  be  coagulated  by  heat  and  mixed  with  the  decoction.  Baryta 
water  is  then  added  until  precipitation  ceases ;  the  whole  is  boiled, 
filtered,  and  evaporated  at  a  gentle  heat.  When  the  liquid  reaches  a 
suitable  degree  of  concentration,  it  is  left  in  a  cool  place  for  several 
days ;  the  crystals  of  creatine  which  deposit  are  separated,  and  the 
mother-liquor  is  further  concentrated.  By  remaining  at  rest  several 
days  more,  crystals  of  creatine  are  deposited  along  with  a  white  powder 
which  is  composed  of  xanthine  and  hypoxanthine,  and  which  may 
easily  be  separated  by  levigation  from  the  crystals  of  creatine,  which 
are  much  heavier. 

This  white  powder  must  be  dissolved  in  water,  the  solution  added 
to  the  mother-liquors  from  the  creatine,  and  acetate  of  copper  added 
to  the  whole  liquid,  which  must  then  be  reduced  by  boiling  to  a  small 
volume.  An  abundant  precipitate  is  formed,  which  is  collected  on  a 
filter  and  washed  with  boiling  water  until  the  water  is  no  longer 
coloured.  Then  this  precipitate  is  dissolved  in  dilute  hydrochloric 
acid,  a  current  of  sulphuretted  hydrogen  is  transmitted  through  the 
solution  to  precipitate  the  copper;  the  liquid  is  then  boiled,  and 
filtered  while  boiling. 

When  concentrated,  the  liquid  deposits  crystalline  crusts  which  are 
separated  as  they  form.  When  the  concentration  is  sufBlcientlj 
advanced,  the  liquid  on  cooling  becomes  a  tliick  mass  full  of  needles, 
which,  when  purified  by  soveml  crystallizations  from  hydrochloric  acid 
and  decolorized  by  animal  charcoal,  constitute  hydrochlorate  of  hypo- 
xanthine; when  decomposed  by  ammonia,  they  give  hypoxanthine 
(C*H*N*0). 

The  crystalline  crusts  are  purified  in  the  same  manner :  they  consti- 
tute hydrochlorate  of  xanthine,  which  with  ammonia  gives  xanthine 

In  order  to  obtain  guanine,  the  pancreas  is  submitted  to  the  treatment 
just  described;  crystalline  crusts  of  hydrochlorate  of  xanthine  are 
deposited,  and  at  the  same  time  prismatic  crystals,  which  consist  not 
of  hydrochlorate  of  hypoxanthine,  but  of  hydrochlorate  of  guanine, 
from  which  pure  guanine  (C'^H'^'O)  is  separated  by  ammonia. 

Guanine  may  also  be  extracted  from  guano.  To  efiect  this,  guano 
is  boiled  with  lime  and  water  until  the  liquid  assumes  a  slightly  green 
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colour ;  it  is  filtered,  and  a  quantity  of  hjdrochlorio  acid  sufficient  to 
render  it  neutral  is  added :  a  precipitate  is  formed  which  is  composed 
of  guanine  and  urio  acid  in  about  equal  parts.  This  is  treated  with 
boiling  hydrochloric  acid,  which  takes  up  the  guanine,  and  this  is  then 
separated  from  its  hydroohlorate  by  means  of  ammonia. 

Hsrpoxantliixie  is  very  slightly  soluble  in  cold  water,  more  soluble 
in  boiling  water,  and  is  in  the  form  of  a  beautiful  white  powder. 

The  solution  of  hypozanthine  gives  a  green  flocoulent  precipitate 
when  heated  with  acetate  of  copper.  It  is  also  precipitated  by  nitrate 
of  silver.  This  precipitate  is  soluble  in  boiling  nitric  acid,  from  which, 
on  cooling,  it  is  deposifed  in  microscopic  crystals. 

Hypoxanthine  dissolves  in  the  mineral  acids  and  in  ammonia. 
When  treated  with  nitric  acid,  evaporated,  and  ammonia  added  to  the 
residue,  this  remains  white  or  slightly  yellow :  the  product  of  the 
action  of  nitric  acid  on  hjrpozanthine  furnishes  xanthine  under  the 
influence  of  reducing  agents.  Nitric  acid  therefore  acts  on  hypoxan- 
thine both  as  an  oxidizing  agent  and  as  an  agent  of  substitution. 

Xanthine  also  is  nearly  insoluble  in  water,  but  it  readily  dissolves 
in  the  caustic  alkalies  and  ammonia.  The  ammoniacal  solution  is 
precipitated  when  hot  by  the  acetate  of  copper. 

Carbonic  anhydride  separates  xanthine  from  its  solution  in  potash : 
evaporated  with  nitric  acid,  it  leaves  a  nitrogenized  product  of  a  yellow 
colour,  which  becomes  violet  on  contact  with  soda.  This  product  re- 
forms xanthine  when  submitted  to  reducing  actions.  Xanthine  is 
rather  a  weak  base. 

Guanine  is  a  yellow  powder,  insoluble  in  water,  alcohol,  and  ether. 
It  combines  with  strong  acids  to  form  salts,  which,  however,  are  very 
slightly  stable.  Water  decomposes  them,  and  when  the  acid  is  volatile, 
heat  destroys  the  combination.  The  alkalies  dissolve  guanine  still 
better  than  acids. 

Guanine  bears  the  same  relation  to  xanthine  that  amidated  acids  do 
to  the  acids  whence  they  are  derived.  The  following  equations  show 
these  relations : 

(CPH^N^O^     -     (HO)    +     (NH*)     =     (C*nWO) 

XuthiDe.  GoaDlae. 

(CH'O*;     -     HO     +     NH»     =     ((?H'NO') 

Lftctio  add.  Lactamidic  add 

(alanine). 

Acted  upon  by  nitrous  acid,  guanine  is  transformed  into  xanthine ; 
but,  as  in  order  to  cause  nitrous  acid  to  act  on  guanine,  it  is  necessary 
to  dissolve  it  in  nitric  acid,  instead  of  xanthine  a  nitric  derivative  is  ob- 
tained which  furnishes  xanthine  under  the  influence  of  reducing  agents. 
Not  taking  into  account  the  intermediate  nitric  product,  the  transform* 
ation  of  guanine  into  xanthine  is  explained  by  the  following  equation  : 

(C*H»N*0)     +     (^h}^)     =     (CH*N*0»)     +     N«    +    (WO) 

Goaainr.  Nitroasadd.  Xanthine.  Niiro0Bii.  Water. 
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Xanthine  is  thus  a  common  term  towards  wkicli  gnanine  and  hypo- 
xanthine  oonverge. 

When  gnaniue  is  treated  with  a  mixture  of  hydrochloric  acid  and 
potassic  chlorate,  parahanic  acid, — a  new  base,  guanidine  (CH'N*),— 
and  a  little  xanthine  are  obtained.  This  reaction  attaches  guanine  to 
the  uric  acid  group,  to  which  parahanic  acid  belongs. 

Guanidine  is  a  powerful  base.    It  attracts  the  water  and  carbonic 
anhydride  of  the  air,  and  gives  rise  to  a  carbonate  : 

[(CH»N')»,H«O.CO*]. 

The  salts  of  guanidine  are  in  general  well  crystallized.     Guanidine 
may  be  considered  as  a  triple  molecule  of  ammonia  in  which  H^  would  be 

replaced  by  tetratomic  C,  as  the  rational  formula  (jt»  f^')  indicates* 

M.  Strecker  prefers  to  write  this  body  [  wf^);  ^^^  with  thisformnla 

we  do  not  see  how  two  molecules  of  ammonia  can  hold  together  with- 
out any  polyatomic  radicle  to  unite  them. 

It  has  been  seen  that  Hofmann  has  obtained  guanidine  by  causing 
ammonia  to  act  on  the  ortho-carbonate  of  ethyl : 


C< 


Orthoortwnafte  AmmonliL  AloohoL  Giunidiv. 

ofetliyL 


CREATINE,  CREATININE. 

We  have  already  said  that  a  crysfallized  substance  called  creatine 
may  be  extracted  from  muscular  tissue.  The  formula  of  this  substance 
is  C^H*N'0*+aq. 

Creatine  is  colourless,  pearl-like,  without  taste,  and  without  action 
on  test-paper.  It  is  much  moi-e  soluble  in  hot  than  in  cold  water,  less 
soluble  in  alcohol,  and  insoluble  in  ether. 

In  presence  of  strong  acids  creatine  loses  water,  and  is  transfonne^l 
into  creatinine : 

(0*H*N«0»)     =     (WO)    +    (C*H^''0) 

Creatine.  Water.  CreatiDine. 

When  boiled  with  baryta  water  it  splits  up  into  ui-ea  and  sarkosine 
(meihyl-glycocol),  assimilating  the  elements  of  water : 

(C*H»N«0«)     +     (H«0)     =     (CffN«0)     +     (C?Bns(y)  '^ 

Creattne.  Water.  Urea.  Sarkoalnc. 
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Under  the  influence  of  oxidants,  creatine  famishes  methyluramine 

(C'H'N'),  which  may  be  considered  as  methylguanidine  I CH' 


Jnm. 


When  submitted  to  the  action  of  nitrous  acid,  creatine,  according  to 
M.  Dessaignes,  is  converted  into  a  substance  having  the  com- 
position (C*H*N*0*),  and  which  appears  to  be  methylparabanic  acid 
(C»H(CH')N*0'),  This  body  is  also  produced  by  the  action  of  nitrous 
acid  on  creatinine. 

With  chloride  of  zinc  the  hydrochlorates  of  creatine  and  creatinine 
form  double  salts,  nearly  insoluble  and  well  crystallized. 

As,  by  the  action  of  baryta,  creatine,  absorbing  the  elements  of  water, 
is  split  up  into  methyl-glycocol  and  urea,  and  as,  moreover,  cyanamide, 
by  uniting  with  a  molecule  of  water,  may  be  transformed  into  urea, 
M.  Strecker  thinks  that  creatine  should  be  considered  as  a  compound 
of  cyanamide  and  methyl-glycocol. 

Guided  by  these  considerations,  M.  Strecker  mixed  solutions  of 
glycocol  and  cyanamide  along  with  a  few  drops  of  ammonia ;  he  thus 
produced  a  body  having  the  formula  (C"H^"0"),  which  differs  from 
creatine  by  the  substitution  of  H  for  (CH*),  and  which  he  calls  glyco- 
oy amine.  It  is  a  feeble  base ;  its  hydrochlorate  loses  H*0  at  160°, 
and  is  converted  into  the  hydrochlorate  of  a  new  base,  glyco-cyamidine 
(C*H*N'0),  which  is  to  glyco-cyamine  what  creatinine  is  to  creatine. 

The  production  of  glyco-cyamine  appears  to  justify  M.  Strecker's 
views  as  to  the  constitution  of  creatine. 


THEOBROMINE  AND  CAFFEINE. 

A  substance  called  theobromine  (CHWO*)  is  extracted  from  the 
cacao-nut,  and  another  substance  called  caffeine,  the  composition  of 
which  is  expressed  by  the  formula  (C^^^N^O*),  is  extracted  from 
coffee. 

Strecker  has  shown  that  caffeine  is  a  methylated  derivative  of  theo- 
bromine :  on  treating  the  latter  with  an  ammoniacal  solution  of  nitrate 
of  silver,  he  obtained  a  crystalline  precipitate  which,  when  dried  at 
120'',  had  the  formula  (C^H^AgN^O*).  When  submitted  to  the  action 
of  iodide  of  methyl,  this  body  gives  rise  to  iodide  of  silver  and  caffeine : 

(C^'AgN^)    +    (^'D     =     ^1     +     (C'HXCH»)N^O») 

Ajrgentle  UwobraniiM.  Iodide  of  Iodide  of  Ckffebie. 

metfayl.  silTer. 

Caffeine,  when  acted  upon  by  oxidizing  agents,  gives  two  bodies  of 
the  uric  acid  group,  tetra-methyl-alloxantine  (C*(CH')*H«N'0*)  (amalic 
acid),  and  dimethyl-parabanic  acid  (C(CH*yN»0')  (cholestrophan). 

3  c 
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These  products  attach  theohromine  and  caffeine  to  the  uric  acid  group ; 
moreover,  theobromine  appears  to  be  a  homologue  of  xanthine  : 

C*n*N^O» xanthine. 

CH^N'O* theobromine. 

At  any  rate,  it  is  certain  that  theobromine  is  not  dimethylated  xan- 
thine. On  treating  diargentic  xanthine  (C*H*Ag^*0*)  witti  iodide  of 
methyl,  M.  Strecker  has  in  reality  obtained  dimethyl-xanthine,  which 
IS  isomeric  and  not  identical  with  theobromine. 

M.  Strecker's  researches  thus  prove  that  caffeine  and  theobromine 
approach  the  uric  acid  group :  that  xanthine,  guanine,  and  hypoxan- 
thine  are  joined  to  this  group  and  intimately  related  to  each  other ; 
that  creatine  and  creatinine  are  also  attached  to  the  nric  acid  group ; 
and  that  the  synthesis  of  creatine  may  be  hoped  for. 

AVe  have  yet  to  give  these  bodies  rational  formulae  which  wotild 
show  their  relations  and  their  transformations :  this  has  been  attempted 
for  several  of  them,  but  the  formulae  proposed  do  not  appear  to  me  to 
be  sufficiently  general ;  and,  in  short,  this  is  a  work  which  still  remains 
lo  be  accomplished. 


ALBTJUSINOTD  8ITBSTANCE& 

These  substances  are  found  in  abundance  in  the  liquids  and  tissnes 
of  animals,  as  well  as  in  certain  organs  of  vegetables ;  they  are  all 
uncrystallizable,  contain  sulphur  among  the  number  of  their  elements, 
and  are  decomposed  when  it  is  attempted  to  distil  them,  disengaging 
sulphide  of  ammonium  among  other  products. 

Fuming  hydrochloric  acid  dissolves  albuminoid  substances :  the 
solution  assumes  a  blue  colour  in  the  air ;  protected  from  the  air,  it 
remains  yellow. 

Under  the  influence  of  the  acid  liquid  which  is  obtained  by  dis- 
solving mercury  in  its  own  weight  of  nitric  acid,  albuminoid  substances 
assume  an  intense  red  colour :  this  reaction  detects  one  part  of  albumen 
in  100,000  parts  of  water. 

Potash  dissolves  all  albuminoid  substances.  When  this  solution  is 
boiled,  a  liquid  is  obtained  from  which  the  acids  disengage  hj'drosul- 
phnric  acid  and  precipitate  a  substance  known  as  protein. 

All  albuminoid  substances  furnish  the  same  products  when  oxidized. 
These  products  belong  either  to  the  aromatic  series  or  to  that  of  the 
fatty  acids.  Thus,  benzoic  aldehyd,  benzoic  acid,  acetic,  propylic, 
and  valeric  aldehyds,  acetic,  propionic,  butyric,  and  valeric  acids  are 
obtained,  as  is  also  a  product  called  tyrosine  (C®PI"N0^),  which  appears 

to  be  ethyl-amido-paroxybenzoic  acid  I  C^H'O'"  I  OH  1. 

\  iN.C^HMl/ 

When  exposed  to  the  air  albuminoid  substances  are  decomposed,  and 
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transformed  into  new  bodies  which  are  not  well  defined.  This  great 
instability  of  the  albuminoid  principles  is  a  characteristic  which  clearly 
distinguishes  them  from  other  organic  principles.  Certain  substances 
in  this  group,  simply  by  their  presence,  cause  the  hydration  of  other 
bodies  by  means  of  decomposition.  Diastase,  which  is  extracted  from 
germinated  barley,  possesses  this  property  in  a  high  degree.  For  a 
long  time  these  substances  have  been  called  ferments  ;  but  M.  Pasteur 
having  demonstrated  that  fermentations  are  owing  to  the  development 
of  organisms  to  which  the  name  of  ferments  should  properly  be  applied, 
this  name  is  not  suitable  for  the  substances  just  spoken  of 

There  exist  three   well-characterized  albuminoid  principles — albu 
men,  fibrin,  and  casein :  the  others  are  little  known  and  are  possibly 
only  mixtures. 

Albumen  is  found  in  the  white  of  egg,  in  the  serous  portion  of  the 
blood,  and  in  other  fluids  of  the  economy.  M.  ^^'^lrtz  has  shown  that 
^  the  albumen  of  the  blood  and  thd.t  of  the  egg  are  not  identical.  These 
'•*  two  liquids  are  precipitated  by  acetate  of  lead  ;  but  while  a  current  of 
^  sulphuretted  hydrogen  re-forms  soluble  albumen  from  the  plimibic 
^  precipitate  obtained  from  the  white  of  eggy  such  is  not  the  case  with 
that  procured  from  the  serum  of  the  blood. 

Albumen  in  solution  is  coagulated  by  heat,  and  it  then  becomes 
insoluble.     A  similar  coagulation  is  produced  by  acids,  except  by 
acetic  and  phosphoric  acids ;  and  not  only  do  these  acids  not  coagulate 
albumen,  but  they  redissolve  it  when  coagulated. 
'  Fibrin  exists  in  the  blood  of  animals,  whence  it  is  deposited  spon- 

taneously in  a  coagulated  state  on  removing  the  blood  from  the  body  : 
'"  it  is  obtained  by  whipping  the  blood,  when  it  is  deposited  in  small 
^  white  filaments.  In  a  chemical  point  of  view,  fibrin  presents  all  the 
characters  of  insoluble  albumen  ;  it  only  differs  from  it  by  its  fibrous 
'  form  and  by  its  property  of  decomposing  oxygenized  water.  Fibrin 
'  enters  into  the  composition  of  the  seeds  of  cereals,  etc.  Mixed  with 
another  substance,  gluten,  it  constitutes  the  glutinous  or  azotized 
'       portion  of  these  seeds. 

'  Ccuein  is  the  principal  azotized  portion  of  the  mUk  of  animals  :  it  is 

'       also  found  in  the  seeds  of  leguminous  plants,  when  it  is  called  legumin. 

It  is  soluble  in  water  and  not  coagulated  by  heat ;  but  all  the  acids 

coagulate  it,  even  including  acetic  acid,  which  in  without  ai^tion  on 

albumen,  but  an  excess  of  this  acid  redissolves  it. 

The  different  substances  in  question  appear  identical  in  their 
elementary  composition,  the  slight  differences  given  by  analysis  may 
be  owing  to  impurities,  for  these  uncrystallizable  substances  cannot 
be  completely  purified.  AVhen  burned,  they  always  leave  a  certain 
quantity  of  oah  which  contains  phosphate  of  calcium ;  the  ashes  left  by 
albumen  and  casein  contain,  in  addition,  alkaline  carbonates,  while 
those  left  by  fibrin  do  not. 

Coagulated  albumen  and  casein,  as  well  as  fibrin,  dissolve  in  alka- 
line solutions :  if  the  excess  of  alkali  be  removed  by  dialysis,  a  solution 

3  c  2 
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18  obtained  which  possesses  almost  all  the  characterB  of  albumen  from 
the  white  of  egg:  on  adding  to  this  solution,  as  to  natnral  soluble 
albnmen,  a  large  quantity  of  alkali,  the  properties  of  casein  are  com- 
mnnicated  to  it 

Starting  from  this  point,  we  may  reasonably  suppose  that  in  reality 
there  only  exists  a  single  albuminoid  substance,  acting  in  the  same 
manner  as  weak  acids,  and  capable,  like  certain  well-known  bodies,  of 
existing  both  in  a  soluble  and  in  a  coagulated  state.  If  the  name  of 
albumen  be  reserved  for  this  principle,  fibrin  should  be  considered  as 
insoluble  albumen  more  or  less  mixed  with  earthy  phosphate,  albumen 
as  an  acid  albuminate  of  sodium,  and  casein  as  the  neutral  albuminate 
of  sodium. 

Many  chemists,  M.  Wurtz  among  others,  call  in  question  the  identity 
of  composition  of  the  albuminoid  substances :  they  consider  it  impos- 
sible to  prove  the  identity  of  a  body  whose  molecule  is  so  complicated, 
especially  as  these  compounds  cannot  be  obtained  in  a  pnre  state  for 
analysis.  This  reasoning  is  sound ;  but  as,  on  the  other  hand,  it  camiot 
be  shown  by  analysis  that  these  substances  are  not  identical,  and  ae, 
moreover,  they  give  the  same  products  of  decomposition,  our  hy- 
pothesis remains  justifiable,  and  we  shall  adopt  it  along  with  Liebig, 
Gerhardt,  and  others. 

GEIiATINOITS  SUBSTANCES. 

The  skin,  the  organic  part  of  bones,  the  tendons,  serous  membranes, 
cellular  tissue,  the  hoof  of  the  stag,  etc.,  are  transformed  by  prolonged 
boiling  into  a  bubstance  which,  on  cooling,  becomes  a  jelly,  and  is 
called  gelatine. 

Under  the  same  conditions,  the  cartilages  give  another  substance 
called  chondrin,  which  resembles  gelatine,  and  these  two  are  the  sub- 
stances which  we  designate  as  gelatinous. 

Gelatine. — We  have  just  said  that  gelatine  results  from  the  action 
of  water  on  the  organic  matter  of  bones  (ossein),  etc.  It  presents  the 
same  composition  as  ossein,  and  is  known  in  commerce  as  glue. 

The  glue  of  commerce,  however,  is  not  pure  gelatine.  In  oi*der  to 
purify  it,  it  is  allowed  to  become  a  jelly  in  cold  water,  and  is  sepa- 
rated mechanically,  then  washed  in  hot  water  until  this  is  no  longer 
coloured,  when  the  gelatine  is  dissolved  in  water  at  a  gentle  heat :  the 
solution  is  filtered  to  separate  insoluble  matters,  and  the  gelatine  is 
precipitated  from  the  filtered  liquid  by  means  of  alcohol. 

Gelatine  swells  up  in  cold  water  without  dissolving ;  it  is  soluble  iB 
hot  water  and  becomes  a  jelly  on  cooling.  It  is  modified,  and  loses 
this  latter  property,  when  submitted  to  prolonged  boiling. 

Moist  gelatine  left  in  air  soon  putrefies  and  develops  a  large  quantity 
of  ammonia. 

When  gelatine  is  boiled  for  some  time  with  potash,  leucine,  glycocol, 
and  other  undeteimined  bodies  are  produced.     Glycocol  is  also  pro- 
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daced  by  the  action  of  cold  concentrated  sulphuric  acid  on  gelatine, 
and  it  is  owing  to  this  that  gljcoool  is  improperly  called  sugar  of 
gelatine. 

By  dry  distillation,  gelatine  gives  different  alkaloids  (piccoline,  luti- 
dine,  pyrridine,  methylamine,  etc.),  undetermined  neutral  oils,  along 
with  ammonic  carbonate  and  hydrocyanate. 

Nitric  acid  converts  gelatine  into  several  products,  among  which 
saccharic  acid  appears  to  be  one. 

Tannin  gives  an  insoluble  precipitate  with  gelatine;  analogous 
compounds  are  produced  when  tannin  is  made  to  act  on  the  different 
substances  which  furnish  gelatine,  and  these  compounds  do  not  putrefy. 
The  tanning  of  leather  is  founded  on  this  property. 

In  general,  metallic  salts  do  not  precipitate  gelatine.  Under  the 
influence  of  a  mixture  of  peroxide  of  manganese  and  sulphuric  acid, 
that  is  to  say  of  oxidizing  agents,  gelatine  furnishes  the  same  products 
as  the  albuminoid  substmices. 

Gerhardt  has  obtained  glucose  and  sulphate  of  ammonium  by  boiling 
gelatine  for  several  days  with  dilute  sulphuric  acid.  This  experiment 
tends  to  justify  an  hypothesis  of  Mr.  Hunt,  according  to  which  gelatine 
would  be  an  ammoniacal  derivative  of  glucose.  (^Mr.  Hunt  says  cellu- 
lose, but  we  think  it  necessary  to  say  glucose,  because  cellulose  itself 
should  be  considered  as  a  derivative  of  glucose.  However,  it  is  pro- 
bable that  if  this  hypothesis  be  correct,  gelatine  is  derived  not  from 
ordinary  glucose,  but  from  a  polyglucosic  alcohol)  : 

(nC«H"0«-[n-l]H*0)     +     2(nNH0     =     (nC^H'WO*) 

Polyglacodic  alooboL  Ammonia.  GeUttne. 

+     3n+l(ffO) 

Water. 

In  this  formula  a  certain  quantity  of  oxygen  should  be  replaced  by 
an  equivalent  quantity  of  sulphur,  as  gelatine  is  a  sulphuretted  body. 

If  it  be  considered  that  the  origin  we  have  attempted  to  establish  for 
gelatine  is  probable,  and  that  this  body  on  decomposing  under  the 
influence  of  oxidizing  agents,  gives  products  which  are  identical  with 
those  furnished  by  the  albuminoid  substances,  it  cannot  be  doubted 
that  these  latter  substances  are  related  to  gelatine,  and  consequently 
we  must  consider  it  probable  that  the  albuminoid  principles  are  also 
ammoniacal  derivatives  of  polyglucosic  alcohols. 

Gelatine  is  not  generally  precipitated  by  metallic  salts;  alum, 
however,  precipitates  it  in  presence  of  alkalies. 

Chondrin. — We  have  already  seen  that  this  substance  is  extracted 
from  the  cartilages ;  the  cornea  also  furnishes  it 

Like  gelatine,  clxondrin  swells  up  in  cold  water,  and  dissolves  in 
boiling  water,  and  also  gelatinizes  on  cooling. 

It  differs  from  gelatine  in  that  it  is  precipitated  by  most  metallic 

salts. 

Analysis  shows  that  the  composition  of  chondrin  greatly  resembles 
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that  of  gelatine:  there  is,  however,  a  difference  in  ihe  quantity  of 
nitrogen;  gelatine  containing  19*71,  and  chondrin  only  14*4  per 
cent,  of  this  element.  The  action  of  alkalies  on  chondrin  furnishes 
very  little  leucine,  and  that  of  sulphuric  acid  gives  leucine  without 
glycoooU. 

By  the  side  of  gelatine  and  chondrin,  certain  substances  which 
appear  to  differ  from  them  by  several  properties  are  placed.  Such  are 
the  substance  obtained  by  treating  elastic  tissue  by  water,  and 
limacine,  obtained  by  M.  Braconot  by  boiling  slugs  in  pure  water. 
These  substances  arc  little  known. 


ACTION  OF  REAGENTS  ON  ORGANIC  COMPOUNDS. 

The  piincipal  reagents  used  in  orgaTiic  chemistry  are :  oxygen  or 
oxidizing  agents;  chlorine,  bromine,  and  iodine;  hydrochloric,  hydro- 
bromic,  hydriodic,  sulphuric,  and  nitric  acids ;  with  the  chloride,  bro- 
mide, and  iodide  of  phosphorus ;  reducing  agents,  at  the  head  of  which 
nascent  hydrogen  must  be  placed ;  the  alkaline  bisulphites  (acid  sul- 
phites), ammonia,  and  nitrous  acid;  and  dehydrating  agents,  as  the 
sulphide  of  phosphorus,  the  caustic  alkalies*  etc. 

Oxidizing  Agents. — All  bodies  which  can  give  rise  to  a  disengage- 
ment of  oxygen  act  as  oxidizing  agents.  Nascent  oxygen  often  acts 
where  free  oxygen  is  inert. 

Oxygen  may  act  on  organic  substances  in  four  different  methods. 

1st.  It  may  remove  hydrogen  from  these  substances : 

(c*n*o)   +   o    =    (H«o)  +   (c*n*0) 

Alcohol.  Oxygen.  Water.  Aldehyd. 

2nd.  It  may  be  substituted  for  hydrogen  : 

(C*H«0)     +     gl     =     (H'O)    +     (CWO«) 

AloohoL  Oxygen.  Water.  Acetic  add. 

3id.  It  may  be  added  to  the  substance  : 

(C^*0)     +     O     =     (C*H^O«) 

Aldehyd.  Oxygen.  Acetic  add. 

4th.  It  may  simplify  the  organic  molecule,  removing  from  it  either 
carbon,  or  both  carbon  and  hydrogen  :  in  this  case  it  may  or  may  not 
be  added  to  the  molecule  thus  simplified,  or  the  carbon  eliminated  may 
or  may  not  take  with  it  part  of  the  oxygen  of  the  substance.  Thus 
when  alloxan  is  treated  with  an  oxidizing  agent,  an  atom  of  carhon 
and  an  atom  of  oxygen  are  removed,  and  parabanic  acid  is  left : 

(C^H-N«0^)    +     0     =     (C0«)     +     (C^H*NW) 

Alloxan.  Oxygen.  Carbonic  Parabanic  add. 

an  hydride. 
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When  oxidizing  agents  act  on  oleic  acid,  two  series  of  acids  are 
obtained ;  the  first  hoinologons  with  formic  acid,  the  other  with  oxalic 
acid  :  in  this  case  oleic  acid  loses  hydrogen  and  carbon. 

Among  the  products  formed,  some  result  from  the  fixation  of  oxygen 
on  the  simplified  molecules ;  such  are  the  homologues  of  oxalic  acid  : 
others  are  the  direct  result  of  the  simplification  of  the  molecule  of  oleic 
acid,  without  there  being  any  fixation  of  oxj^gen. 

Chlorine  and  Bromine. — These  bodies  act  in  a  similar  manner  on 
organic  substances,  but  the  action  of  chlorine  is  more  powerful  than 
that  of  bromine. 

1st.  They  remove  hydrogen  without  replacing  it : 

(CH'O)        +     g|     =     2(g})    +     (C^^O) 

Alcohol.  Chlorine.  Hydrochloric  Aldehyd. 

add. 

2nd.  They  are  Bubstituted  for  hydrogen  : 

(CW)    +    g|     =     ^J    ^    (c^Ol) 

Toluene.  Chlorine.       Hydrochloric        Monochlorinated 

acid.  toluene. 

«3rd.  They  are  simply  added  to  unsaturated  molecules : 

(C*H*O0     +     ^\     =     (C*H^Br*O0 

Fumarlc  add.  Bromine.         Blbromo-succinic  add. 

4th.  In  presence  of  water  they  seize  the  hydrogen  of  this  liquid  and 
liberate  oxygen,  so  as  to  act  as  oxidizing  agents.  They  may  even  act 
in  a  similar  manner  without  water  intervening:  one  portion  of  the 
organic  substance  is  decomposed,  and  yields  its  oxygen  to  the  other 
portion,  in  which  case  carbon  is  deposited.  MM.  Friedel  and  Machuca 
have  observed  a  fact  of  this  description  :  on  heating  bromine  with 
butyric  acid,  they  obtained  succinic  acid,  the  result  of  an  oxidizing 
action : 

(C^H«0^)     +     30     =     (}Jlo)     +     (C*H«0*) 

Butyric  acid.  Oxygen.  Water.  Suodnicadd. 

Iodine.—  Like  bromine  and  chlorine,  iodine  can  act  as  an  oxidizing 
agent,  and  can  also  be  added  directly  to  organic  molecules,  but  it  never 
gives  rise  to  phenomena  of  substitution,  unless  the  hydriodic  acid  be 
saturated  as  it  is  formed,  as  when  iodine  acts  on  an  organic  base.  Gene- 
rally the  products  of  iodized  substitution  are  prepared  by  an  indirect 
method. 

Hydrochlorio  and  Hydrobromio  Acids. — These  acids  give  rise  to 
phenomena  of  direct  addition,  and  of  double  decomposition. 

Ist.  They  are  added  directly  to  unsaturated  molecules.     When  theho 
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molecules  possesB  basic  properties,  like  compound  ammonias,  tbe 
combination  takes  place  in  the  cold,  with,  the  disengagement  of  a  con- 
siderable amount  of  heat ;  other  bodies  besides  compound  ammonias 
are  able  to  combine  with  these  hydraoids  in  the  cold : 


/C'Hi 


(-) 


Eibjtamine. 


+ 


SI 


=  [ 


Hydrochloric 
add. 


H* 


ClJ 


CUoride  of  eO^l- 
•mmoDlam. 


(CH*) 

EttaTtene. 


+  SI  - 

Hydrochloric 


(CWGl) 

Chloride  of 
eihyl. 


2nd.  They  enter  into  double  decomposition.  Thus  in  presence  of 
alcohols  and  acids  whose  atomicity  is  greater  than  their  basicity,  they 
exchange  their  chlorine  or  bromine  for  the  group  OH,  forming  water 
and  a  chlorinated  or  brominated  organic  product : 


(T|o) 

Benzoic  alcohol. 


(C'HH)*) 

Lactic  acid. 


•  SI  ■ 

Hydrochloric 
add. 


Chloride  of 
benaoyL 


+ 


(11 ») 

Water. 


H 

Br 


}     =     (C»H»BiO>)     +    (gfo) 


Hydrobromic 
add. 


Bromopropfcmic 
add. 


(c«h4  ^) 

Ether. 


+     2 


(SI)  - 


Hydrochloric 
add. 


Chloride  of  ethyL 


+ 


Water. 


(i|o) 

Water. 


Hydriodio  Acid. — Hydriodic  acid  gives  rise  to  the  same  phenomena 
of  addition  as  its  two  congeners ;  it  even  combines  more  readily  than 
they  do,  but  it  will  not  always  enter  into  analogous  double  decomposi- 
tions. In  fact,  when  hydriodic  acid  acts  on  iodized  bodies,  it  sets  the 
iodine  free,  producing  an  inverse  substitution  : 

(C^fflO*)    +     ^l     =     (C»H*0*)      +    \\ 


lodaoetic  add. 


Hydriodio 
acid. 


Acetic  add. 


lodhie. 


It  cannot  therefore  produce  iodized  compounds  by  double  decompo- 
sition, unless  they  are  formed  at  a  temperature  lower  than  that  at 
which  hydriodic  acid  would  decompose  them. 

Under  those  conditions  in  which  its  congeners  would  give  rise  to 
double  decompositions  and  hydriodic  acid  itself  cannot,  the  latter  acts 
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as  a  reducing  agent.     This  is  the  case  with  those  polyatomic  alcohols 
and  acids  whose  atomicity  is  greater  than  their  basicity  : 

(C»H«0»)    +     2(^1)     =     (C»H«0«)     +    (H«0)     +     P 


LMtlcadd. 


Hydrlodic 
acKL 


Propionic  add. 


Water. 


Iodine. 


(C^ffH^)     +     1^(^})     =     ((?H^I)     +     6(H«0)    +     501) 


MAnnite. 


Hjdriodio 
add. 


Iodide  of 
hexyL 


Water. 


Iodine. 


It  must  be  remarked  that  hydriodic  acid  acts  as  a  reducing  agent 
only  on  the  acids  whose  basicity  is  less  than  their  atomicity,  and  that 
it  is  without  action  on  the  acids  whose  basicity  is  equal  to  their  atom- 
icity ;  oxalic  acid,  for  instance.  The  reason  of  this  is  that  it  acts  on 
alcoholic  hydroxyl,  but  not  on  acid  hydroxyl. 

The  acids  of  the  aromatic  series  whose  atomicity  is  greater  than 
their  basicity,  but  the  hydroxyl  of  which  is  phenic  and  not  alcoholic, 
are  not  reduced  by  hydriodic  acid,  as  M.  Lautemann  found  with  salicylic 
acid,  and  as  I  ascertained  with  thymotic  acid. 

Those  aromatic  acids,  on  the  contrary,  which  contain  alcoholic 
hydroxyl  are  reduced  like  the  corresponding  fatty  acids.  Thus 
M.  Louguinine  and  myself  have  found  that  formo-benzoylic  acid 
(C^H^),  under  the  influence  of  hydriodic  acid,  is  transformed  into 
alphatoluic  acid  (CTHTO*). 

The  action  exercised  by  hydriodic  acid  on  iodized  organic  compounds 
is  the  cause  of  iodine  being  unable  to  give  rise  to  phenomena  of  sub* 
stitution.  Such  phenomena  would  necessitate  the  production  of  a 
quantity  of  hydriodic  acid  equivalent  to  that  of  the  iodine  substituted, 
and  thence  the  product  of  substitution  would  be  decomposed  as  it 
formed. 

When  hydriodic  acid  acts  on  condensed  polyatomic  alcohols,  it 
reduces  them,  and  resolves  them  into  their  different  generators : 


J>ietbylenlc 
alcouoL 


Hjdrlo^lic 
add. 


Water. 


Iodide  of 
ethylene. 


Sulphuric  Add.— Sulphuric  acid  may  be  used  either  diluted,  con- 
centrated, or  anhydrous.  Diluted,  it  fixes  water  on  organic  substances ; 
under  its  influence,  saccharose  is  transformed  into  glucose  and  amides 
into  ammoniacal  salts : 


(C"H»0")     +     (ffO) 

Saochiiro«o  Water. 

'oaiiceii9ir\ 


2(C«H»*O0 

GIUOMP. 
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K<^h-)  +  ^m  +  cz^o.) .  <^}o) 


AceUmide. 


Water. 


Sulphuric  acid. 


Aatic«ckL 


+ 


((NH^r) 

Amnionic  sulphate. 


When  concentrated,  it  can  combine  directly  with  compound  ammo- 
nias, with  certain  hydrocarbons,  with  the  ethers  of  polyatomic  alcohols, 
etc.: 


Ethylene. 
Triethylamine. 


+ 


+ 


rejo.) 


Sulphuric  acid. 


filijo-) 


Sulphuric  add. 


(C^'O)      +      (%.|o') 


Oxide  of  ethylene 
(ether  of  glycol). 


Sulphuric  acid. 


iTr) 

Sttlphovinlc  acid. 

V[(C'H»)»HX7f"  J 

Neutral  sulphate  of 
triethyl-aoimonlum. 

Ethylenc^^ulphnric 
acid. 


When  concentrated  or  anhydrons,  it  can  act  as  a  dehydrating  agent, 
or  by  modifying  the  molecule,  or  by  double  decomposition. 

Ist.  It  acts  as  a  dehydrating  agent  with  the  alcohols  having  the 
radicles  C"H**^\  transforming  them  into  hydrocarbides  0"H^,  But  the 
dehydrating  action  of  sulphuric  acid  is  never  exercised  alone.  There- 
fore the  chloride  of  zinc  or  phosphoric  anhydride  should  be  preferred 
for  the  production  of  reactions  of  this  order. 

2nd.  It  modifies  the  molecule  of  certain  substances,  which  it  converts 
into  isomers  or  polymers.  Thus,  under  its  influence,  amylene  (C^H'*) 
is  transformed  into  diamylene  (C^^H**) ;  oil  of  turpentine  is  converted 
into  an  isomer  which  only  differs  from  the  original  hydrocarbide  by 
the  absence  of  rotatory  action  on  light. 

3rd.  It  enters  into  double  decomposition  with  organic  substances, 
that  is  to  say,  it  combines  with  these  substances,  eliminating  water. 
Here  two  different  cases  may  arise :  either  the  products  which  are 
formed  are  capable  of  reproducing  their  generators  by  appropriate 
means,  or  they  are  not  capable  of  so  doing. 

The  salts  which  result  from  the  reaction  of  sulphuric  acid  on  organic 
bases,  such  as  the  hydrates  of  ammoniums  or  the  hydrates  of  organo- 
metallic  radicles,  are  instances  of  the  first,  as  are  also  the  sulphuric 
ethers  which  re-form  the  alcohol  whence  they  are  derived,  a  sulphate 
being  at  the  same  time  formed,  when  they  are  treated  with  mineral  bases. 

As  instances  of  the  second  case  may  be  mentioned  those  conjugate 
bodies  which  result  from  the  action  of  sulphuric  acid  on  other  organic 
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compounds,  among  which  certain  hydrocarbons,  and  acids  in  general 
must  be  placed. 

When  the  bodies  with  which  snlphurio  acid  reacts  are  acid,  the 
product  is  always  acid.  When,  on  the  contrary,  these  bodies  are 
neutral  and  several  of  their  molecules  act  on  a  single  molecule  of  snl- 
phuric  acid,  the  product  is  neutral. 

Thus  the  following  products  are  acid  : 


(Cff^SO*) 

= 

(CH") 

+ 

(Sffoo 

-     (H'O) 

Thrmyl-fiolphurous 
acid. 

Cymene. 

Salphuiic 
add. 

Water. 

(CH'SO>) 

=: 

(C'H") 

+ 

(SH*0*) 

-     (H'O) 

Phenyl^sulpharotu 
add. 

Benzine. 

Salphnric 
add. 

Water. 

(crs'so*) 

= 

(C'H«0") 

+ 

(SH«0*) 

-     (H^O) 

Salpbo-benzolc 
acid. 

Benzoic  add. 

Salphario 
add. 

Water. 

(CH'NSO') 

=: 

(C'H'N) 

+ 

(SHW) 

-     (H'O) 

Sulphanilic  acid. 

AniUne. 

Sulphuric 
add. 

Water. 

(C*H«SO0 

= 

(C^H«O0 

+ 

(SH«O0 

-     (H'O) 

Sulpho-succinic 
add. 

Snodnic  arid. 

Sulphuric 
add. 

Water. 

)  following  products  are  neutral : 

(C^'H'°SO«) 

— 

2(C'H«) 

-1- 

(SH*0*) 

-      2(H«0) 

Sulpho-benzide. 

Benziuc. 

Sulphuric 
ackL 

Water. 

(C^H'^SO*) 

=r 

2(C'«H«) 

+ 

(SHW) 

-    2(n^0) 

Sulpfao-Daphthalide. 

NapbthiiUn. 

Sulphuric 
acid. 

Water. 

It  is  to  be  remarked  that  all  these  products  contain  the  elements  of 
an  organic  substance  united  to  those  of  sulphuric  acid,  less  water.  We 
also  see  that  if  the  number  of  molecules  reacting  be  represented  by  n, 
n  —  1  will  represent  the  number  of  molecules  of  water  eliminated. 

Gerhard t  gives  the  following  rule,  whereby  the  basicity  of  a  sulpho- 
conjugate  body  may  be  calculated,  that  of  the  bodies  which  form  it 
being  known. 

**  The  basicity  B  of  a  sulpho-conjugate  product  is  equal  to  the  sum  of 
the  basicities  of  the  organic  matter  b  and  of  sulphuric  acid  b\  less  the 
sum  n  ^  1  of  the  molecules  which  enter  into  the  reaction ;'' 

B  =  6-f-6'-(n^l). 

For  example :  succinic  acid  has  a  basicity  equal  to  2,  therefore  &  s  2  ; 
sulphuric  acid  is  bibasic,  therefore  V  =  2;  a  molecule  of  succinic  acid 
reacts  with  one  of  sulphuric  acid  to  produce  sulphosuocinic  acid,  there- 
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fore  M  =  2.     On  replacing  b,  b'  and  n  by  their  values  in  the  preceding 
equation,  it  becomes : 

B  =  2+2-(2-l)  =  3. 

If  more  than  one  molecule  of  sulphuric  acid  or  of  the  other  body 
entered  into  the  reaction,  h  and  V  must  be  multiplied  by  this  number: 
the  above  equation  would  then  be  written : 

m  and  n  representing  the  number  of  the  molecules  of  the  bodies  whoee 
basicities  are  h  and  h\ 

If  the  body  reacting  with  sulphuric  acid  be  neutral,  we  have  only 
to  make  h^o. 

It  would  be  more  correct  in  the  preceding  rule  to  substitute  the 
word  atomicity  for  basicity.  But,  in  this  latter  case,  this  law  would 
not  be  applicable  to  the  sulphoH>onjugate  bodies  which  reproduce  their 
generators.  If  it  were  applied  to  the  determination  of  the  atomicity 
of  sulphovinic  acid,  that  of  alcohol  being  1  and  that  of  sulphuric  acid 
being  2,  2  would  be  the  atomicity  of  the  product,  whilst  in  reality 
it  is  I. 

The  difference  which  exists  between  these  two  classes  of  sulphocon- 
jugate  products  is  probably  owing  to  the  manner  in  which  the  substi- 
tution takes  place.  Sometimes  the  radicle  of  the  organic  substance  is 
substituted  for  an  equivalent  quantity  of  typical  hydrogen  of  the  evU- 
phuric  acid  ;  the  atomicity  is  then  equal  to  the  sum  of  the  atomicities 
of  the  reacting  bodies,  loss  2  for  each  molecule  of  water  eliminated ;  we 
have  B  =  &-f  &'"— 2n',  n'  representing  the  number  of  molecules  of  ^vater 
eliminated.  In  this  method  of  substitution,  the  group  (SO*)"  remains 
distinct  from  the  radicle  of  the  original  organic  substance.  The  result 
is  that,  on  fixing  water,  the  product  can  be  resolved  into  its  generators: 

(««S}0.)    +    (^|0.)    -     .(H}0)    +    («^f(y) 


Two  molecules  of 
alcohol. 


Sulphuric  add. 


Water. 


Sulphate  of  etbjL 


.CH.)  „)   ^   (S,g;j  ^)    .   („j  „)   ^   l^lj  ^j 


V     H 

AloohoL 


Sulphuric  add. 


Water. 


Sulphovinic  add. 


Sometimes  the  radicle  sulphui-yl  (SO^)"  is  substituted  for  an  equiva- 
lent quantity  of  hydrogen  which  passes  to  the  state  of  water,  this 
hydrogen  eliminated  being  taken  half  from  the  typical  hydrogen  and 
half  from  that  of  the  radicle.  As  the  atomicity  is  owing  to  tho  typical 
hydrc^n,  it  only  diminishes  by  one  in  this  case,  while  in  the  preced- 
ing it  was  diminished  by  two,  and  it  conforms  to  Gerhardt's  law. 

Moreover,  here  the    group  (SO*)"  enters  into  the  radicle  of  the 
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sulpho- conjugate  body ;  it  is  united  to  the  molecule  more  closely,  and 
this  cannot  reproduce  its  generators  on  becoming  hydrated. 

It  will  readily  be  conceived  that  the  atomicity  of  a  radicle  increases 
by  unity  on  the  addition  of  (SO")"  and  the  elimination  of  H. 

In  reality,  a  biatomic  group  like  (SO*)"  can  unite  with  any  radicle 
without  modifying  its  atomicity,  if  it  be  joined  to  it  by  one  only  of 
its  centres  of  attraction,  llie  union  of  the  group  (SO^)"  with  an 
organic  radicle,  therefore,  does  not  modify  the  atomicity  of  the  latter  ; 
but  if  afterwards  the  radicle  which  has  fixed  (SO*)",  and  whose  atomi- 
city has  not  varied,  loses  H,  this  elimination,  according  to  the  usual 
law,  increases  its  atomicity  by  one.  The  following  figures  illustrate 
this  reasoning : 


a 


(C^^O)' 

AoetjI. 


H 

CD  ®ct: 


c 


S       0 

arzD 

o 

(S0«)" 

Salphnryl. 


o 


D 


® 
H 

Hydrogen. 


"nci    I ) 


i    I    I KT    ncT    ncT    n 


0  0 

((?H»0S0») 

Sulphaoetyl. 


s     o 


n 


A  perfect  parallelism  is  observed  between  the  sulpho-conjugate  deri- 
vatives of  this  second  class  and  certain  substances  which  only  diflfer 
from  them  by  the  substitution  of  carbonyl  (CO)"  for  sulphuryl  (SO*)". 
The  following  table  exhibits  this : 


Skries  of  the  Carbonyl 
Radicle.  " 

ca' 

Oxide  or  cartwD. 

C0"0 

Garbonlo  anfaydrlde. 

CO"C? 

Gbloride  of  carbonyl. 

\Qm\Qo-m  0 

Propionic  add. 

[C?HXC0")T1 

Chloride  of  propionyL 


Series  of  the  Sulphuryl 
Radicle. 

S0«" 

SulphuroQs  anhydride. 

S0»"0 

Sulphuric  anhydride. 

S0*'C1« 

Chloride  of  salphniyL 

[C»H'(SO*"^'l  o 

Ethyl-snlphuroiu  add. 

[CTa^so"')!' 


ffil 


Bthyl-Milphuroas  chloride. 


I  II 
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c 


[CTI*"(CO")Tj)  Q, 

Lactic  Add. 

C*H*"(CO' 


'M\. 


[(?H«'(so*"g;»Q, 


Isethiooic 


H 
H 

Lactic  monamMe  (alanine). 

[(?n*"(co")r 


SI 


Chloride  of  loctyl. 


[(CH-occo'-xco")]';!  ^y 


MaIodIc  add. 


[(cn7'(co")i"i  Q. 


Salicylic  add. 


rc-H-(so-oi  o]' 

H 
H 

ifiethioDk  iDonainide  Ctomiii). 

[C«H*''(SO«")]"  I 

laethioDic  chloride. 

[(CH'")(C0"XSO"')]"l  Q, 

Snipbacetic  acid. 

[(CH"')(SO»")]"»  Q, 

IFf 

Sulphopheulc  acid. 


The  analogies  just  shown  exist  not  only  in  the  formulae,  but  also  in 
the  properties  of  the  bodies  spoken  of,  and  e^en  in  the  mode  of  their 
foimation. 

Thus,  both  lactic  and  isethionic  acids  are  biatomic  and  monobasic. 

Malonic  and  siilphacetic  acids  are  biatomic  and  bibasic. 

Salicylic  acid  is  obtained  by  the  action  of  carbonic  anhydi-ide  on  the 
phenate  of  sodium  ;  sulphophenic  acid,  by  the  action  of  sulphuric  anhy- 
dride on  phenol.  (Phenol  only  differs  from  the  phenate  of  sodium  ly 
having  H  substituted  for  Na). 

It  would  be  difficult  to  find  among  organic  compounds  analogies 
more  clearly  marked  than  these. 

Sritric  Aoid. — Nitric  acid  is  a  powerful  reagent,  which  few  sub- 
stances can  resist.     It  may  act  in  three  different  ways  : 

1st.  It  may  combine  directly  with  the  organic  substance ;  this  is  the 
case  with  the  compound  ammonias : 


c«h4n| 

Trkthylamine. 


4- 


Nitric  acid. 


/  NO"  )  q\ 


Nitrate  of  triethyl-ammonium. 


2nd.  It  may  be  decomposed  and  act  as  an  oxidizing  agent  This  is 
its  usual  mode  of  action,  especially  when  it  is  diluted  with  water. 

.3rd.  It  may  act  by  double  decomposition;  under  its  influence 
organic  substances  lose  hydrogen,  for  which  the  residue  of  the  nitric 
acid  is  substituted : 


(C«H«) 

Benzine. 


+ 


(NHO") 

Nitric  add. 


(H'O) 

Water. 


(C«H*(NO*)) 

Nltro-benziuc. 


Hero,  as  with  sulphuric  acid,  two  cases  may  arise. 
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First, — The  radicle  of  the  organic  Bubstanoe  may  be  Bubstituted  for 
the  typical  hydrogen  of  nitric  acid.  The  product  obtained  then 
posseBses  an  atomicity  equal  to  0,  if  the  group  subBtituted  for  H  do 
not  itself  contain  typical  hydrogen,  and  an  atomicity  equal  to 
1,  2,  3  .  .  .  n,  if  this  group  contain  1,  2,  3  .  .  .  n  atoms  of  typical 
hydrogen. 

r^il^i  ^)  ^^  neutral,  and  the  mononitii 


10 


glycol 


is  monatomic,  because  the  radicle  ethyl 


(C^W)  is  neutral,  while  the  residue  of  the  glycol  {        TTr  ^ )  ^^^^^^iiis 

an  atom  of  typical  hydrogen. 

The  atomicity  of  the  nitrous  products  of  this  first  class  may  be  calcu- 
lated by  the  formula  we  have  given  for  the  analogous  sulpho-conjugate 
derivatives,  making  in  this  formula  b'  =  l  instead  of  =  2 ;  we  have  then  : 

B  =  fe'+b'- -  2n'. 

Second. — The  radicle  (NO*)  of  nitric  acid  may  be  substituted  for 
hydrogen  of  the  radicle  of  the  organic  substance.  In  this  case  the 
atomicity  remains  the  same  as  it  was  before  the  substitution.  Like 
the  analogous  sulpho-conjugate  compounds,  it  may  also  be  calcu- 
lated by  means  of  the  formula  B  =  6"-|-6'"  — (m-fn  — 1),  making  6' =  1. 
We  have  examples  of  this  kind  of  substitution  in  the  production  of 
nitrobenzoic  acid,  mononitric  phenol,  etc.  : 


Benzoic  add. 


Nitric  add. 


Water. 


NltrobeDtoic  add. 


Cu]  0)  +  e'S(  o)  -  r'<--<^^f  0)  +  (Hf  o) 


Phenul. 


Nllric  add. 


Mononitric  phenol. 


Water. 


Nitric  acid  has  a  special  tendency  to  produce  phenomena  of  substitu- 
tion when  it  is  concentrated.  This  tendency  is  increased  by  mixing  it 
with  sulphuric  acid,  probably  because  this  always  keeps  it  at  the  maxi- 
mum of  concentration  by  seizing  the  water  which  is  formed. 

Chlorides  of  PhOBphorus. — The  terchloride,  oxychloride,  and  pen- 
tachlorido  of  phosphorus  furnish  the  means  of  substituting  chlorine 
either  for  oxygen  or  for  the  group  OH. 

1st.  lliey  produce  the  substitution  of  chlorine  for  oxygen  when  they 
act  on  anhydrous  oxides  :  according  as  the  radicles  of  these  oxides  are 
even  or  uneven  the  molecule  remains  intact  or  is  divided  : 


((J*H*0) 

Aldebyd. 


+    (POP)     = 

Pcntacbloridc 
of  phosphorus. 


(PCTO) 

Oxychloride 
of  ptio^i^lionir 


+    (C*H^CP) 

Chloride  of 
ethylidene. 
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(^[O)    +    (PCIO     =     (PCl'O)    +    2(C^j) 

Acetic  aaliydride.  FeDtacfalortde  Qmhlortda  ChlocMeof 

of  pbofpbonu.  ofphoaphoraa.  mxtjl 

2ncL  They  give  rise  to  the  replacement  of  the  gronp  OH  by  chloiine 
when  they  act  on  hydrates : 

3f«;}0')    +    2(PC1K))     =     2fg:}0.)    +    3(<^.i) 

Oljool.  OxTchlorld«  of  PbosphciriG  add.  Chloride  o( 

imoq;>bonis.  caiyleoe. 

Cf>™}0)    +     (PC..,      .     (^fo.)     +     3(^4) 

AoeUcadd.  Terchloride  Fhoq»horoiu  GhloiideofMetji 

of  phaq>bonis.  add. 

Besides  ^the  snbetitnting  action  it  possesses  in  common  with  the 
oxy-  and  ter-chlorides,  the  pentachloride  of  phosphoms  ako  possesss 
a  second  action  of  substitution ;  it  can  be  reduced  to  the  state  d 
terchloride,  setting  free  chlorine,  which  becomes  substituted  for 
hydrogen : 

(CTP)    +    (PC1»)     =     (PCP)    +    ci}    +    CS})' 

Toluene.  Pentachloride  Terchloride        Hydrochloric        Monodilorinated 

ofphoephonUb         ofphoaphoraa.  acid.  tolneixi. 

Bromides  and  Iodides  of  Fhosphorue. — lliese  bodies  act  exactly 
like  the  chlorides  of  phosphorus,  of  course  with  the  exception  thai 
instead  of  chlorine,  it  is  bromine  or  iodine  which  they  introduce  intfi 
the  organic  molecules. 

Reduoing  Agents. — ^By  the  designation  reducing  agents  are  indi- 
cated all  those  bodies  whose  action  is  the  reverse  of  that  of  oxygec 
chlorine,  bromine,  and  iodine.  At  the  head  of  these  agents  we  place 
nascent  hydrogen,  obtained  either  by  means  of  sodium  amalgam  and 
water,  or  by  dissolving  zinc  in  acids  or  alkalies.  Then  there  are  the 
bodies  which  are  decomposed .  readily,  yieldiug  hydrogen,  such  tf 
hydrosulphuric  acid,  and  those  which  seize  the  oxygen  of  water, 
like  sulphurous  anhydride,  the  metals,  especially  potassium  and 
sodium,  etc. 

lieducing  agents  can  produce  three  ordera  of  reactions  : 

1st.  They  may  give  rise  to  the  fixing  of  hydrogen  on  an  organic 
substance : 

(c*H*o)  +.1}   =   ((m-o) 

OxMe  of  Hydrogen.  AlcohoL 

ethylene. 

2nd.  They  may  remove  the  oxygen,  chlorine,  bromine,  or  iodine 
contained  in  a  substance,  without  being  substituted  for  them  : 

*  Naqoet.    Unpublished  experiments. 
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r* 


Chloride  of 
butyiyL 

Bensolc  add. 


+ 


PoLuslnm. 


=      2 


(?.!) 


Chloride  of 
potaddum. 


+  VcwoiV 

ButyryL 


Hydrogen. 


=  (If  0)  +  r=s}) 


Water. 


C^H*0 

Benzoic  aldehyd. 


3rd.  They  may  cause  the  substitution  of  hydrogen  for  oxygen, 
chlorine,  bromine,  or  iodine.  This  is  called  inverse  substitution.  When 
hydrogen  is  substituted  for  oxygen,  the  substitution  may  take  place  by 
equivalent  quantities : 


Benzoic  add. 


+ 


^(11)  -  (Sh) 


+ 


Hydrogen. 


Water. 


(TJo) 

Benzoic  aloofaol. 


^  But  it  may  also  happen  that  the  quantity  of  hydrogen  which  enters 
",  into  the  molecule  is  only  the  half  of  that  which  should  enter  as  an 
^  equivalent  to  the  oxygen  eliminated  : 

[CH»(NO')]    +    3^})         =     2(g|o)     +    /^hInJ 

Kilrobenxine.  Hydrogen.  Water.  Aniline 


0^ 


lit^ 


Acid  Sulphites  of  the  Alkalies. — These  are  used  to  purify  aldehyds. 
With  these  bodies  they  form  crystallizable  compounds  which  are  easily 
separated  from  the  oils  with  which  the  aldehyds  are  often  mixed,  and 
which  are  decomposed  under  the  inflnence  of  alkalies,  leaving  the 
aldehyd  the  elements  of  which  they  contain. 

Ammonia. — Ammonia  unites  directly  with  acids,  forming  salts  which 
are  generally  very  soluble :  it  also  unites  with  the  anh^^drides  of 
polyatomic  alcohols  and  of  biatomic  and  monobcbsic  acids.  Moreover, 
it  undergoes  double  decomposition  with  many  aldehyds,  with  the  anhy- 
drides of  acids  whose  basicity  is  equal  to  their  atomicity,  with  the 
chlorides,  bromides,  and  iodides  of  alcohol  radicles,  with  compound 
ethers,  eta     In  all  these  cases  nitrides  are  formed. 

Certain  colourless  substances  are  known,  apparently  belonging  to 
the  class  of  phenols,  which,  under  the  simultaneous  influence  of  oxygen 
and  ammonia,  give  rise  to  nitrogenized  coloui'ing  principles.  Thus 
orcin  is  transformed  into  orcein. 

IfitrouB  Acid. — ^Nitrous  acid  acts  on  the  nitrides  and  ti^ansforms 
them  into  corresponding  oxides  : 

c^w+e'S}o)-j:f+(S}o)+(^fo) 


Aoetamide. 


Nitroua  add. 


Mitrogtn. 


Water. 


Acetic  add. 


(fl 


Nitrous  acid,  in  alcoholic  solution,  gives  rise  to  another  kind  of 
reaction :  N  is  substituted  for  H*.     In  this  case,  the  product  of  suhsti- 

3  d 


;iii! 


i 


r 


m 
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tution  remain:)  united  to  an  unmodified  molecule  of  the  original  com- 
pound : 

2I   h|n|  +  (^nf ^)  =  (C*n\N«,c^».NH^  +  2(5 jo^ 

Aniline.  NllroOi  acid.  Dfaso-«mido-benn>l.  Water. 


r  ';  If  the  action  of  nitrons  acid  he  prolonged,  the  new  componnd  also 

m  exchanges  H*  for  N,  and  we  have  two  molecules  of  a  product  whicli 

represents  the  primitive  nitride  in  which  N  takes  the  place  of  H* : 

(C'H\N',C«H».Nn«)  4-  PhI^)  =   ^(hI^)    +   2CC*H*N*) 

Dlaxo-amldo-bensoL  Mitroosucid.  Wain.  Diazo-brasoL 

Compounds  analogous  to  diazo-henzol  are  readily  produced  when 
nitrous  acid  acts  on  a  solution  of  an  amidated  organic  substance  in 
aqueous  or  alcoholic  nitric  acid.  They  are  always  obtained  in  the 
state  of  nitrate.     (See  Propkrties  of  Primary  Monaminiss). 

These  products  are  transformed  into  hydrates  disengaging  nitrogen, 
when  boiled  with  water : 

(c.n.N,   +   (|}o)   .   (^}o)  +    («f) 

Diazo-bcniol.  Water.  Phenol.  Nltrogeo. 

Dehydrating  Agents. — We  have  already  seen  that  sulphuric  acid  is 
a  dehydrating  agent.  Chloride  of  zinc  and  phosphoric  anhydride  act 
in  the  same  manner,  and  are  preferable  to  it.  We  shall  not  dwell  on 
the  mode  of  reaction  of  these  bodies.  They  simply  separate  water  from 
organic  substances.  Sometimes  this  elimination  teikea  place  at  the  cost 
of  a  single  molecule,  sometimes  at  that  of  several  organic  molecules: 

(C'H«0)     =     (CTI*")     4-     (n*0) 

Alcohol.  Kihylt-ne.  Wat?r. 

2(C»H''0)  =     {C*H^»0)    +     (H*0) 

Alcohol.  Ether.  Water. 

Sulphide  of  Phosphorus. — M.  K(5kul^  uses  the  sulphide  of  phos- 
phorus in  order  to  substitute  sulphur  for  oxygen  in  acids  and  alcohols: 

sf^^'gfo)    +    (FSO     =     5(^'^Ms)    +    (V0>) 

'r  Acetic  acid.  PcntaBulpliidc  ThiaoUc  acid.  Iliotphoric 

of  phosphorus.  anhydride. 

Potash  and  Soda. — These  bodies  may  be  used  in  aqueous  or  in 
alcoholic  solution,  in  a  state  of  fusion,  or  in  that  of  mixture  with  lime. 
Potash-lime  possesses  an  advantage  over  potash  in  that  it  does  not  fo 
readily  attack  vessels  of  glass  or  porcelain  in  which  operations  are 
conducted. 


POTASH  AND  SODA.  771 

The  reaotions  to  which  the  caustic  alkalies  give  rise  are  very  niime- 
roua 

Ist.  They  can  combine  directly  with  certain  organic  molecules : 
sometimes  these  molecules  are  acid  anhydrides,  and  sometimes  they 
are  only  non-saturated  bodies.  In  any  case  a  salt  is  produced  from 
which  an  acid  may  be  extracted  which  differs  from  the  original  body 
by  the  elements  of  water : 

(C»H*0»)     +     (h[o)     =     (C»H»KO») 

Lactic  Potassio  Potaaslc  lactate, 

anhydride.  hydrate. 

(00")    +    (||o^     =     (CHKO') 

Oxide  of .  Potanic  Potaasic  formlate. 

carbon.  hydrate. 

(C°H"0)     +        (h}o)     =     (C"H"KO') 

Camphor.  Potaasic  Potaasic  caini^Iate. 

hydrate. 

2nd.  They  undergo  double  decomposition  with  acids  :  water  is  elimi- 
nated and  a  salt  is  formed : 

r'A}o)  +  (iio)  =  r^]o)  +  (i}o) 

Acetic  acid.  IVttasalc  Potaasic  acetate.  Water. 

hydrate. 

3rd.  They  cause  oxidation,  disengaging  hydrogen.  This  reaction  is 
a  double  decomposition,  in  which  the  organic  substance  and  the  alkali 
unite,  losing  hydrogen  instead  of  water : 

C^!)  +  (l}o)  -  C^lo)  +  1} 

Aldehyd.  Potash.  Potaasic  acetate.  Hydrogen. 

(Ti")  +  (1)0)  ■  r^]o)  +  ^(Sf) 

Alcohol.  Potash.  Potaaaic  acetate.  Hydrogen. 

4 til.  They  trannform  the  organic  matter  on  which  they  act  into  an 
isomeric  compound.  In  this  manner,  under  their  influence,  furfur- 
amide  is  converted  into  furfurine,  and  hydro-benzamide  into  amarine. 

5th.  They  cause  hydration  and  a  subsequent  double  decomposition, 
llius  nitriies  and  amides  fix  water,  and  the  ammoniacal  salt  produced 
is  transformed  into  ammonia  and  an  alkaline  salt  by  double  decomposi* 
tion: 


r^-} ») 

+ 

(S|o) 

=     (NH') 

+ 

r  K  f " 

Acctuniide. 

rotASRiC 

bydrMte. 

Ammonium. 

Potaaaic  aceUte. 

3  D  2 
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6th,  From  thoBO  bodies  which  contain  chlorine  of  addition,  they 
remove  half  that  chlorine,  and  it  may  be  eliminated  without  taking 
hydrogen  with  it.  The  alkalies  act  in  the  same  manner  on  bromi- 
nated  or  iodized  compotmds  : 

(Cra'Cl*)    +    (|}o)     =     ((?H«C1)    +    ^1}    +    (i[o) 


Chloride  of 
ethylene. 


Potadi. 


Chlorinated 
ethylene. 


Potaacie 
chloride. 


Water. 


(C'H'Bi-)  +  3(5}  0)  =  3(1^1)  +  2(g}0)  +  (C«HBr) 


Bromide  of 

blbrominated 

ethylene. 


Fbtaah. 


Bromide  of 
potaaalnm, 


Water. 


BitMnlnated 


For  these  reactions  the  alkalies  require  to  be  in  alcoholic  solution. 

7th.  Potash  or  soda  do  not  always  act  on  brominated  or  chlorinated 
compounds  of  substitution.  Sometimes  they  exercise  an  action  iden- 
tical with  the  preceding,  and  they  can  sAtso  cause  the  substitution  of 
OH,  or  if  alcoholic  solutions  be  used,  of  (C*H*0)  for  CI : 

(CTff'Cl)     +     (|}0)     =     gi}    -I-    (Ifo)    +    (CW) 


Chloride  of  amyl 

(chlorinated  hydride 

of  amyl). 


Potaah. 


(CWBr)    +    (g}o)     = 


Brominated 
ethylene. 


Pottuh. 


Potaaaic 
chloride. 


Brf 

Potaslc 
bromide. 


Water. 


AnjleatJ*. 


+ 


(nh)  +  (<^H*) 


Water. 


Acefylene. 


Potaaric  chloraoetate. 


(Ih)  -  C^\^) 


+ 


K 
CI 


} 


Potaah. 


Potaaeic  glycolate. 


Potaaaic 
chloride. 


Chlorinated  chloride 
of  beoioyl. 


4- 


(5 1.") 


4- 


Potaah. 


/C»H» 

AlcoboL 


}0)    = 


CSS}  o) 

Chlorinated  oxide  of 
ethyl  and  benxojL 


Potasidc 
chloride. 


+ 


(11°) 

Water. 


This  latter  mode  of  reaction  is  produced  more  easily  if  ethylate  of 

Na  I  ^/'  ^^**"^®^  ^y  dissolving  sodium  in  alcohol,  be  substi- 
tuted for  potash. 

Oxide  of  Silver. — The  oxide  of  silver  sometimes  acts  as  an  oxidising 
agent,  and  is  itself  reduced  to  the  metallic  state. 

In  presence  of  water  it  acts  on  chlorinated  substances  in  the  same 
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manner  as  potash  does,  that  is  to  say,  it  removes  hydrochloiio  acid  from 
them,  or  it  causes  the  replacement  of  01  by  OH. 

Acetate  of  Potassium  or  of  Silver. — These  salts  enter  into  double 
decomposition  with  chlorinated,  brominated,  or  iodized  compoimds, 
and  give  rise  to  the  replacement  of  halogen  metalloids  by  the  halogen 
residue  of  acetic  acid  (C*H"0,0): 

Ta^  }  0)    +    (0^1)    =    f -Hg.}  0)    +    A§  I 

Acetate  of  all ver.  Chloride  of  Aoetete  of  ethyl.  Chloride 

ethyl.  ofillTcr. 


RELATIONS  BETWEEN  THE  PHYSICAL  PROPERTIES  AND 
THE  COMPOSITION  OF  ORGANIC  SUBSTANCES. 

It  is  to  be  expected  that  all  the  physical  properties  of  Ix^dies  should 
bear  some  relation  to  their  composition.  Those  properties  in  which 
certain  relations  of  this  kind  have  been  proved  are : 

The  crystalline  form,  the  point  of  fusion,  the  boiling  point,  the 
index  of  refraction,  the  specific  heat,  and  the  density  in  the  liquid  state. 

Crystalline  Form. — The  phenomena  of  isomorphism  are  often 
observed  between  a  given  body  and  its  chlorinated,  brominated,  or 
nitrous  derivatives.  These  phenomena  are  not  always  observed,  but  it 
is  possible  that  this  may  be  owing  to  isomerism.  The  derivatives  of 
naphthalin  each  exist  under  several  isomeric  modifications,  the  respec- 
tive terms  of 'which  are  isomorphoua  These  derivatives  may  be 
classed  in  three  series  : 

1st.  A  series  a,  in  which  the  crystals  assume  the  form  of  six-sided 
prisms  of  120°,  are  soft,  cleave  p€u*allel  to  their  axis,  and  dissolve  readily 
in  ether,  but  sparingly  in  alcohol. 

2nd.  A  series  )3,  in  which  the  three  sides  of  the  prism  are  almost 
equally  inclined  towards  each  other  (100-103°). 

3rd.  A  series  y,  in  which  the  naphthalic  derivatives  crystallize  in 
prisms  of  the  rhombic  system  (112-113°),  which  form  small  elastic 
needles. 

Many  cases  of  isomorphism  are  found  among  the  nitrous  derivatives. 
Thus  binitrous,  trinitrous,  and  pentanitrous  phenol  all  crystallize  in 
the  same  manner.  When  bodies  are  both  isomeric  and  isomorphous,  they 
are  called  isomeromorphous.  In  order  to  understand  these  compounds, 
let  us  take  a  molecule  of  naphthalin  C'^H*H«H*.  If  CI"  be  substituted 
for  H«,  we  have  C^^HMPCl*.  llien,  if  Br"  be  substituted  for  H»,  the 
compound  C*®H*Bi-*Cl*  is  obtained.  Jf,  instead  of  commencing  with 
chlorine,  bromine  were  used,  the  body  C^^H^Cl'Br'  would  be  formed. 

Thc8e  two  bodies  are  isomeric,  as  bromine  and  chlorine  do  not 
leplace  the  same  atoms  of  hydrogen,  and  they  are  isomorphous,  because 
the  atoms  are  similarly  arranged ;  they  are  idomeromorphous. 
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Bodies  are  said  to  be  paramorphons  when  they  crystallize  in  similar 
forms,  but  in  different  systems,  such  as  the  tetnichloride  of  naphlbalin 
CP»H*C1*,  and  the  tetrachloride  of  chlorinated  naphthaHn  C^IPaCP. 

Those  bodies  are  called  hemimorphons  which  are  very  similar  in 
their  chemical  composition  and  functions,  and  crystallize  in  forms  of 
which  several  angles  are  alike  and  others  very  different,  whether  theee 
forms  belong  to  the  same  sj'stem  or  not.     Such  are :  the  formiate  of 

barium  (^^'^^^^'}  0»\  the  propionate  of  barium  (^^^52"  1^*+*^) 

and  the  acetate  of  barium  f '        ^  'v,lO*+aqA 

M.  Oaudin  has  recently  published  several  communications  in  which 
he  professes  to  be  able  to  deduce  the  arrangement  of  their  atoms  from 
the  crystalline  forms  of  bodies.  But  the  forms  this  chemist  is  obliged 
to  attribute  to  the  molecules  are  not  in  conformity  with  the  laws  of 
atomicity.  Until  he  can  modify  his  theory,  so  as  to  bring  it  into  accord- 
ance with  these  laws,  it  need  not  be  taken  into  consideration. 

Point  of  Fusion. — ^Homologous  bodies  have  a  fusing  point  which 
becomes  higher  the  more  their  molecule  is  complicated.  This  rule  is 
general  with  the  fatty  acids  C"H*"0*.  It  has  also  been  observed  that, 
in  the  chloro-conjugate  or  bromo-conjugate  derivatives,  the  point  of 
fusion  rises  with  the  number  of  atoms  of  chlorine  or  bromine  which 
enter  into  the  molecule.  But  in  order  that  this  latter  law  be  verified, 
only  those  derivatives  of  a  body  which  are  isomorphous  must  be  com- 
pared, and  their  isomerism  must  be  taken  into  account. 

Thus,  in  the  three  series  of  naphthalin  derivatives,  we  have,  accord- 
ing to  Laurent : 

Series  a.  I^'asblg  poinL 

C^^H'Cl* liquid 

C"H»CP 76° 

C"H*BrCP .       80° 

C'«H*C1* 106° 

C^«H*BrCl' 110'^ 

C"ll"BrCl« 143° 

Series  p. 

C*"IPC1« 60° 

CioH«Br« 59° 

C"H»C1» 79° 

C"C1" 172° 

Series  y. 

C»°H*C1* 128° 

C»°H*Br«Cl^ 166° 

C'^H'BrCl* 165-168° 

The  compounds  of  the  preceding  bodies  with  chlorine  have  no  regular 
fusing  point,  but  it  is  remarkable   that  when   melted  they  soh'dify, 
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sometimes  at  one  temperature,  sometimes  at  another,  and  they  assume 
different  crystalline  forms  ac(X)rding  to  the  temperature  at  which  they 
are  solidified. 

Boiling  Point. — By  examining  the  boiling  points  of  a  great  number 
of  homologous  bodies,  M.  Kopp  has  discovered  the  following  laws : 

Ist  Homologous  bodies  have  boiling  points  which  increase  or  dimi- 
nish by  19^  for  each  addition  or  subtraction  of  CH".  Thus,  methylio 
alcohol  CH*0  boils  at  19°  lower  than  vinic  alcohol  0*H«0. 

2nd.  The  boiling  point  of  an  acid  is  40^  above  that  of  the  alcohol 
from  which  it  is  derived  by  oxidation. 

3rd.  A  compound  ether  boils  82°  below  the  acid  which  has  tlie  same 
formula ;  thus,  the  acetate  of  methyl  boils  82^  lower  than  propionic 
acid. 

From  this  we  deduce  that  a  methylic  ether  boils  at  63°  lower,  an 
ethylic  ether  at  44°  lower,  and  an  amy  lie  ether  at  13°  higher  than  the 
corresponding  acid. 

Moreover,  Gerhardt  states  that  each  atom  of  carbon  raises  the  boiling 
point  35°,  and  that  each  double  atom  of  hydrogen  lowers  it  15°,  which 
for  CH*  would  give  a  difference  of  20°.  Kopp  thinks  that  each  atom  of 
carbon  raises  the  boiling  point  29°,  and  that  each  double  atom  of 
hydrogen  lowers  it  10°,  which  would  give  the  difference  of  19^ 
for  CW. 

M.  Chancel,  remarking  that  boiling  points  calculated  according  to 
Kopp's  law  are  generally  too  high,  has  proposed  to  substitute  for  this 
law  that  expressed  by  the  following  formula : 

E  =  C+(fil9)-0-5n». 

E  is  the  boiling  point  of  a  compound,  C  that  of  the  first  term  of  the 
series,  and  n  represents  the  number  of  the  order  of  the  compound  in 
this  series. 

M.  Kopp*s  laws  are  far  from  being  accurate  in  all  cases.  It  is  known 
that  the  difference  is  greater  than  19°  for  C IP  in  the  homologues  of 
oxide  of  ethyl  and  in  those  of  benzine,  and  that  it  is  less  than  this 
number  in  the  homologues  of  acetic  anhydride ;  but  M.  Wurtz  has  dis- 
covered a  still  more  remarkable  exception.  In  the  glycol  series,  the 
boiling  point  decreases  from  the  firat  term,  ordinary  glycol  C*H*0*,  to 
the  fourth  term,  amyl-glycol  C'H^^O*.  Beyond  amyl-glycol  the  boiling 
]X)int  rises  with  the  molecular  complication. 

These  differences  may  be  owing  to  several  causes.  One  of  the  chief 
is  isomerism,  because  two  isomerio  bodies  often  boil  at  very  different 
temperatures.  Perhaps  such  bodies,  though  considered  as  homologous, 
are  only  isomers  of  their  respective  homologuen. 

M.  Begnault  has  found  that,  if  the  boiling  points  of  different  homo- 
logous bodies  be  taken  under  different  pressures,  the  curves  of  the 
boiling  points  which  are  obtained  are  not  parallel.  It  is  therefuie 
possible  that  in  each  series  there  may  be  constant  differences  between 
the  boiling  points  of  homologous  bodies,  but  that  these  diffurences  only 
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exist  under  certain  preaenres  which  may  Taiy  from  one  series  to 
another.  It  may  even  be  supposed  that  the  variations  the  pressure 
undergoes  on  changing  the  series,  in  order  to  obtain  constant  differences 
in  the  boiling  points,  themselves  follow  a  determined  law  which  may 
one  day  be  discovered. 

M.  Berthelot,  in  his  "Organic  ChemistTy,"  adds  the  following 
remarks  to  M.  Kopp's  laws : 

1st  When  several  bodies  are  formed  in  an  analogous  manner  by  the 
action  of  a  compound  on  several  different  substances,  an  almost  iden- 
tical difference  is  observed  between  the  boiling  points  of  these  bodies 
and  those  of  the  substances  whence  they  are  derived ;  which  may  be 
expressed  by  the  formula  E— e=F— /±a,  calling  E  and  F  two  gene- 
rators of  the  bodies  e  and  /,  and  a  being  a  constant    Thus  : 


-:( er. 


Diflereikoe. 

Alcohol  C*H«0  boils  at "^^ 

Hydrochloric  ether  C'H'0+HCI  -  HK)  boils  at      . 

Acetic  acid  C'H^O*  boiLj  at 117^) 

Chloride  of  acetyl  C«H'0'+HC1  -  H*0  boils  at       .  55°  I 

Alcohol  C»H"0  boils  at 78° 

Ether  C*H«0+C*n*0-H'0  boils  at 36* 


4^2° 


Allylic  alcohol  C"H«0  boils  at ^^3°l  ^O'^ »; 

AUyl-ethy lie  ether  C»H«0 + C*H*0  -  H'O  boils  at  .      62-5  ( 

2nd.  When  a  molecule  of  water  is  removed  from  or  added  to  an 
organic  compound,  its  boiling  point  is  lowered  or  raised  100°  or  110°, 

Amy  lie  alcohol  C*H"0  boils  at  132°;  amylene  (?H"  boils  at  35°: 
difference  97°. 

From  this  and  the  preceding  rule  we  deduce  that  the  fixation  of 
HCl  raises  the  boiling  point  about  44°,  and  the  fixation  of  HBr,  73° 
In  reality,  the  fixation  of  BPO  would  raise  the  boiling  point  1 10° ;  but 
ou  substituting  a  molecule  of  hydrochloric  acid  for  a  molecule  of  water 
in  the  oxygenized  body  produced,  its  boiling  point  would  be  lowered 
66° ;  the  chlorinated  compound  would  therefore  differ  from  the  original 
compound  by  110  —  66,  or  44°.  So  73°  are  calculated  for  the  addition  of 
HBr,  on  the  supposition  that  the  substitution  of  HBr  for  H*0  lowers 
the  boiling  point  37° 

3rd.  The  lowering  of  the  boiling  point  in  consequence  of  the  elimi- 
nation of  H*0  applies  to  the  compounds  formed  by  the  union  of 
two  distinct  principles.  In  order  to  find  the  boiling  point  F  of  these 
latter  compounds,  knowing  those  E  and  /  of  their  generators,  we  have 
the  formula :  E  +/- 120  =  F. 

Acetic  acid  boils  at 117°  =  E 

Alcohol  boils  at 78°=/ 

E-f/=     "195° 
Acetic  ether  boils  at 74°  =  F 

Diference  between  E  -f-/— F  =      121° 
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4th.  In  a  more  general  way,  the  boiling  point  of  a  complex  body  is 
plainly  equal  to  the  sum  of  the  boiling  points  of  the  generating  bodies, 
less  that  of  the  bodies  eliminated. 

From  the  foimula : 

E-c  =  P-/±a 

we  get : 

E+/-  6  =F±  a 

The  preceding  laws  are  far  from  being  generally  applicable  to  all 
bodies  in  organic  chemistry.  This  may  be  proved  by  representing  the 
boiling  points  of  the  homologous  series  graphically  in  the  following 
manner : 

Let  the  exponents  n  of  the  carbon  be  taken  for  abscissae,  and  the 
boiling  points  t  of  the  different  homologous  bodies  for  which  this  ex- 
ponent is  1,  2,  3,  eta  for  ordinates ;  let  the  points  thus  determined  be 
joined  by  a  continuous  line,  and  we  shall  have  a  line  which  will  render 
manifest  the  relations  which  exist  between  n  and  t.  The  line  will  be 
sti-aight,  or  nearly  so,  for  alcohols,  the  &tty  acids-  and  their  ethers,  and 
curved  for  the  carbides  of  hydrogen  C"H**,  as  Favre  and  Silbormann 
have  remarked,  and  for  the  carbides  C"H**+*.  ' 

The  line  which  joins  the  boiling  points  of  butylene,  amylene,  hexy- 
lene,  osnanthylene,  and  caprylene,  is  not  very  regular,  owing  to  the 
different  sources  from  whence  these  products  are  extracted,  and  conse- 
quently to  the  possibility  of  their  being  isomers.  It  is  not  so  with  the 
curve  of  the  polymers  of  amylene,  compounds  evidently  of  similar  con- 
stitution :  this  curve  is  represented  in  the  intei'val  found  by  the  equa- 
tion :  <  =  140  +  41  n  -  l-3n'-f0-02n«. 

The  curve  of  the  hydrides  of  American  petroleum  C"H^+'  is  blended 
with  the  preceding  line  in  its  higher  terms. 

A  remarkable  inflection  is  observed  in  the  line  of  the  glycols ;  amy- 
lenio  glycol  constitutes  a  well-marked  mioimum ;  the  curve  of  the 
hydrates  of  the  carbides  C'H*"  presents  the  same  peculiarity,  and  the 
hydrate  of  amylene  is  the  furthest  removed,  by  its  boiling  point,  from 
the  isomeric  alcohol. 

The  same  mode  of  representation  is  applicable  to  series  which  are 
not  homologous,  to  the  series  C'H'^+'O*  for  instance,  which  comprises 
wood-spirit,  glycol  and  glycerine,  alcohols  whose  atomicity  is  expressed 
by  the  exponent  of  the  carbon  which  they  contain. 

The  curve  corresponding  to  this  series  is  still  undetermined,  owing 
to  the  unceiiainty  existing  on  the  subject  of  the  boiling  point  of 
glycerine ;  but  it  clearly  indicates  that  erythrite  should  boil  (a  theo- 
retical deduction  from  its  decomposition)  at  about  305^  On  taking  the 
boiling  points  65,  197,  277,  for  the  alcohols  named  above,  we  obtain  by 
the  equation  t  =  119-f-2I0n  —  20n', — which  represents  the  curve  in 
its  known  parts, — the  number  305. 

The  table  on  page  778  shows  all  the  relations  discovered  between 
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the  boiling  points  of  alcoholtt,  their  ethers,  etc. :   the  expUmations  it 
gives  will  uften  be  founi]  useful.* 


Bpeoiflo  Heata.— We  wiiil,  in  the  oaily  part  of  this  work,  that  iu  u 
•  Tliifl  iHblu  of  boiling  prnnta  has  been  coJistniclod  by  M.  Balct. 
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solid  molecule  the  different  simple  atoms  retain  their  specific  heats. 
As  since  the  specific  heat  given  for  each  simple  atom  is  6*666,  the 
product  of  the  weight  of  a  molecule  P,  multiplied  by  its  specific  heat 
C,  will  give  n  6*666 ;  n  being  the  number  of  atoms  of  which  it  is 
composed. 

Knowing  the  formula  of  a  body,  we  may  ascertain  the  number 
n  6'666,  which  represents  its  molecular  heat,  and  on  dividing  this 
number  by  the  molecular  weight,  we  obtain  the  specific  heat  of  the 
substance. 

However,  by  this  means  only  an  approximation  to  the  true  specific 
heat  can  be  obtained  ;  and,  besides,  Woestyn's  law  does  not  apply  to  all 
bodies.* 

Heat  of  Combustion. — ^^IM.  Favre  and  Silbermann  have  determined 
the  heat  of  combustion  of  a  great  number  of  organic  substances ;  but 
until  lately  no  attempt  has  been  made  to  apply  the  results  of  these 
researches  to  a  theory  of  thermo-chemistry. 

M.  Berthelot  has  recently  supplied  this  deficiency  by  publishing 
some  researches  in  thermo-chemistry  which  greatly  increase  the  interest 
attached  to  the  experiments  of  these  chemists.  The  following  is  a 
summary  of  his  views  : 

Starting  from  the  hypothesis  that  in  the  case  of  chemical  compounds 
the  atoms  of  bodies  which  enter  into  combination  are  precipitated  upon 
each  other  very  sharply,  and  that  the  heat  disengaged  in  these  combi- 
nations is  owing  to  their  collision,  M.  Berthelot  thinks  he  can  apply 
the  principles  of  the  mechanical  theory  of  heat  to  thermo-chemistry,  for, 
on  the  above  supposition,  chemical  reactions  are  reduced  io  very  com- 
plicated mechanical  phenomena.  He  therefore  states,  that  just  as  in 
bringing  a  mechanical  system  from  an  initial  to  a  final  state,  a  certain 
amount  of  work  is  necessary  independent  of  that  by  means  of  which 
the  transformation  is  actually  accomplished,  so  the  following  theorem 
may  be  stated  as  a  general  principle  in  thermo-chemistry  :  '*  When  a 
system  of  simple  or  compound  bodies  undergoes  chemical  or  physical 
changes,  which  cause  it  to  pass  to  another  state  without  producing 
mechanical  effects  external  to  the  system,  the  quantity  of  heat  disen- 
gaged or  absorbed  entirely  depends  on  the  initial  and  final  states  of 
the  system,  whatever  may  be  the  order  and  character  of  the  interme- 
diate states."  This  is  the  theory  of  the  calorific  equivalent  of  chemical 
transformations. 

In  order  to  establish  his  theorem,  M.  Berthelot  assumes,  a  priori,  the 
equivalence  between  the  quantity  of  heat  disengaged  or  absorbed  in  a 
chemical  transformation,  and  the  amount  of  molecular  actions  necessary 
to  produce  it. 

Ue  thence  deduces  that : 

*  It  mny  here  be  remarked  that  M.  Kopp  has  shown  by  recent  experiments  lliat 
the  ynriation  in  the  specific  heats  of  carbon,  boron,  and  silicon  (see  page  25),  in  their 
different  allotropio  states,  is  not  sufficient  to  aooount  for  the  fact  that  the  leal  atomic 
weights  of  theee  bodies  do  not  correspond  to  those  dedaoed  from  their  atomic  heats. — Tr. 
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Ist.  The  heat  disengaged  in  the  deoomposition  of  a  body  is  equal  to 
that  absorbed  in  its  formation,  provided  that  the  initial  and  final  states 
bo  identical. 

2nd.  The  quantity  of  heat  disengaged  in  a  series  of  transformations 
equals  the  sum  of  the  quantities  disengaged  in  each  transformation,  if 
the  bodies  finally  produced  be  identical. 

3rd.  The  difference  between  the  quantity  of  heat  disengaged  in  two 
series  of  transformations,  starting  from  two  distinct  states  to  arrive  at 
the  same  final  state,  is  equal  to  that  disengaged  or  absorbed  in  passing 
from  one  of  the  initial  states  to  the  other. 

4th.  If  a  body  a  disengage  heat  in  uniting  with  b  to  form  a&,  and  if 
ah  then  yield  a  to  a  third  body  e  to  form  ac,  the  quantity  of  heat  disen- 
gaged in  this  reaction  is  less  than  that  disengaged  in  the  direct  forma- 
tion of  the  compound  oc,  by  that  of  the  quantity  of  heat  disengaged  in 
the  combination  of  db.  In  one  case  we  start  from  the  initial  state  a& 
to  arrive  at  cui^  and  in  the  other  from  the  state  a  and  the  state  c  to 
arrive  at  oc :  consequently,  in  conformity  with  the  third  principle, 
the  quantity  of  heat  should  be  less  by  that  necessary  to  produce  the 
initial  state  ab. 

M.  Bert  helot  has  studied  these  phenomena.  The  heat  of  combina- 
tion should  be  in  ratio  to  the  external  mechanical  effects  prod  need  in 
the  reaction ;  for  instance,  it  should  bo  different  in  four  cases  which  he 
cites : 

1st.  Two  gases  exposed  to  the  atmospheiic  pressure  are  mixed  in  a 
reservoir  in  which  they  combine  without  exploding. 

2nd.  The  combination  takes  place  with  explosion. 

3rd.  The  combination  is  made  in  a  receiver  in  which  the  gases  aie 
submitted  to  pressure,  but  without  explosion. 

4th.  The  gases  may  be  mixed,  subjected  to  pressure,  and  thrown 
into  the  atmosphere,  the  gaseous  jet  being  ignited. 

The  first  is  the  normal  condition,  there  is  no  external  work  produced, 
and  the  heat  disengaged  corresponds  to  the  force  of  the  chemical  com- 
bination of  the  two  gases,  and  represents  it.  In  the  case  of  the  explo- 
sion, there  is  a  mechanical  effect,  and  consequently  heat  absorbed,  and 
the  total  heat  disengaged  is  less  than  in  the  first  case.  According  to 
theoretical  considerations,  the  third  case  should  give  the  same  beat  as 
the  first.  In  the  fourth  case,  the  powerful  force  of  the  jet  of  gas  com- 
pressed and  thrown  into  the  atmosphere  is  destroyed,  that  is  to  say,  is 
transformed  into  heat  which  should  be  added  to  the  heat  of  combination 
properly  so  called  :  this  effect  may,  however,  be  compensated,  for  the 
molecules  of  the  gases  communicate  their  force  to  the  molecules  of  the 
air,  which  causes  an  expenditure  of  force. 

It  is  under  these  latter  conditions  that  the  heat  of  combustion  of 
gases  has  been  determined,  but  the  source  of  error  indicated  may  be 
overlooked  as  the  gases  do  not  pass  into  the  calorimeter  very  quickly. 
We  may  therefore  say,  that  in  all  the  experiments  given  below  for  the 
heat  developed  by  the  combination  of  gases,  there  has  been  no  appro- 
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ciable  work  to  accompany  this  combination.  After  thus  eliminating 
external  work,  M.  Berthelot  proceeds  to  consider  the  influence  of 
temperature  on  the  heat  of  combination.  The  quantity  of  heat  disen- 
gaged in  a  combination  varies  with  the  temperature  at  which  the  com- 
bination takes  place. 

This  variation  is  expressed  by  a  formula  which  M.  Berthelot  explains 
in  the  following  manner : 

Let  Of  be  the  heat  disengaged,  when  the  combination  takes  place  at  a 
temperature  /. 

Let  U  be  the  heat  necessary  to  bring  the  initial  system  without  chemi- 
cal combination  from  <  to  T  :  this  heat  is  absorbed  by  the  system.  Let 
Or  be  the  heat  of  combination  of  the  system  previously  heated  to  T, 
and  let  V  be  the  quantity  of  heat  that  would  be  disengaged  if  the  pro- 
ducts of  the  reaction  were  restored  without  chemical  change  from  T  to 
t.  The  initial  and  final  states  being  the  same  in  both  cases,  that  is  to 
say  when  the  combination  has  been  directly  effected  at  ^  and  when 
the  system  has  been  previously  heated  to  T,  and  after  reaction  restored 
by  cooling  to  <,  we  shall  have  : 

Q,  =  Q,  -  U-f-  V,  thence Q,  =  Q,  +  U  -  V 

(U  —  V)  represents  the  variation  of  the  heat  of  combination,  with  the 
temperature. 

But  V  =  Ui-\-U2  +  Ug.  . ,  which  belong  to  each  of  the  simple  or  com- 
pound bodies  which  form  the  initial  system :  so  Y  =  Vi  -|-  Vs  4~  ^s  -|~  •  •  • 
These  equations  are  resolved  into  heat  absorbed  without  change  of  state 
by  the  simple  change  of  temperature,  and  heat  absorbed  with  change 
of  state.  The  first  of  these  is  obtained  by  multiplying  the  mean  specific 
heat  of  each  of  these  bodies  by  the  corresponding  intervals  of  temperature 
<,  and  by  the  weight  of  the  body  experimented  on.  The  second  term  is 
composed  of  the  molecular  heats  of  fusion  or  vaporization  (heats  of 
fusion  and  vaporization  multiplied  by  the  molecular  weight  of  each 
body).  In  the  case  in  which  the  state  of  the  bodies  is  not  changed,  the 
formula  for  the  heat  of  combination  is 

Q,  =  (i  +  [2c-2^,](T-0. 

%e  being  the  sum  of  the  mean  specific  heats  of  the  original  body  for  the 
interval  t  which  is  considered,  and  Zc„  the  same  amount  for  the  final 
system.  It  is  clear  that,  in  this  case,  the  heat  of  combination  would 
increase  with  the  temperature,  when  2c  exceeds  ^,. 

In  cases  where  the  component  bodies  and  the  compound  all  possess 
the  same  solid  liquid  or  gaseous  state,  for  instance,  H*  and  0  forming 
H*0  below  100°,  amylene  and  water  forming  amylic  alcohol,  or  S  and 
Fb  forming  sulphide  of  lead,  experiment  shows  that  the  sum  of  the 
specific  heats  of  the  components  is  often  greater  than  that  of  the  com- 
pound, and,  consequently,  the  heat  of  combination  increases  for  the 
space  of  if  under  which  this  condition  is  realized. 

If  for  a  space  of  time,  t  which  does  not  correspond  to  any  change  of 
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state,  it  happens  that  1^  aoaroelj  differB  from  2c;  and  that  tbe  heat 
of  combination  be  Tery  great,  the  correction  [2c  — S<?J  (T— /)  maybe 
omitted. 

Bnt  this  is  not  the  case  where  there  is  a  change  of  state ;  let  /i,  /s . . « 
be  the  molecular  heats  of  fusion  of  the  bodies  in  the  initial  system 
f'lyf't .  •  »9  the  corresponding  Talues  for  the  bodies  in  the  final  system 
^i«^  .  .  .,  ihe  heats  of  vaporizatitm  of  the  bodies  in  the  initial  system 
4>u^'t '  *  'f  ^^^  same  value  for  the  bodies  in   the  final   system ;   let 
'i«  'a*  ^  •  •  •  ^a  be  the    temperatures  corresponding   to   these  points  of 
fubion  and  of  vaporization  classed  in  order  increasing  from  <  to  T. 

Let  c  and  C|  be  the  mean  specific  heats  for  the  interval  from  t  to  Ij, 
c'  and  c\  for  that  of  i,  to  <„  <«)  and  c,(*)  for  that  of  4  to  T. 

On  introducing  these  into  the  original  formula,  the  follovring  form 
is  given  to  U  and  V : 

U  =  2c(<,-0+2c'(<.-<i)  +  ...+Sc»(T-(a)-|.y-(.5^; 
V  =  2c.(<,-0  +  2c\(£.-/.)+---+2ci*(T-<a)  +  2/+2^'; 

and  the  general  formula  becomes : 

Q,  =  Q,+(Sc-2c,)(<,-0  +  -  •  •  +  (2c»  -  Sc,*)(T-«.) 

The  term  (2c  — 2ci)((i  — I)  may  be  overlooked  when  the  heat  of  com- 
bination is  very  great,  and  when  an  approximation  only  is  required : 
the  simplified  formula  would  in  this  case  be,  Qt  =  Q<+^/+  2^—1^ 

In  some  cases  the  molecular  heat  of  fusion  being  much  less  than 
that  of  vaporization,  may  be  neglected  in  comparison  with  this  latter ; 
it  will  only  be  necessary  to  take  the  heat  of  vaporization  into  aocount. 

Here  we  find  another  simplification :  M.  Berthelot,  basing  his  ideas 
on  tho  figures  given  by  M.  Regnault,  says  that  the  heat  necessary  to 
convert  a  molecule  of  a  great  number  of  bodies  into  two  volumes  of 
vapour,  varies  between  6000  and  11,000  calories  (units  of  heat),  and  that 
the  number  8000  may  be  regarded  as  a  mean.     Taking  this  mean,  the 
heat  of  combination  is  calculated  at  a  higher  temperature  than  that  at 
which  it  was  found  by  experiment,  as  an  approximation  to  tlie  reality, 
by  the  following  formula :  let  n  and  n!  be  the  numbers  of  the  atoms  of 
bodies  in  the  initial  and  final  systems  which  become  gaseous,  we  have 
Qi  =  Q<+(» — »')  8000.     When  n  =  n',  Q,  =  Q,  the  heats  of  combinations 
are  equal  at  the  different  temperatures,  which  happens  in  the  forma- 
tion of  alcohol  by  water  and    defiant  gas    between  0°  and  200% 
C«H*+H«0  =  C»n?0. 

In  the  first  term,  two  volumes  of  water  become  gaseous  between 
0°  and  200^ ;  and  in  the  second,  two  volumes  of  alcohol  also  become 
gaseous  in  passing  from  0^  and  200^;  n  is  therefore  equal  to  n\  and  the 


HEAT  OF  COMBUSTION.  783 

quantities  of  heat  disengaged  in  this  reaction  will  be  the  same  at  the 
different  temperatures  between  0°  and  200°. 

We  therefore  see  thai  the  heat  disengaged  in  chemical  combinations 
is  not  generally  constant:  it  varies  with  the  physical  state  of  the 
bodies  and  the  temperature ;  the  quantity  can  only  be  compared 
when  the  bodies  are  in  the  same  conditions.  The  heat  of  combination 
of  gaseous  CI  and  H  to  form  gaseous  HCl,  cannot  be  compared  with 
that  of  I  solid  and  H  gaseous  to  form  HI  gaseous.  Before  making 
the  comparison,  the  bodies  must  be  brought  to  the  conditions  in 
which  such  a  comparison  is  possible.  M.  Berthelot  thinks  this  can 
be  done  by  such  an  elevation  of  the  temperature  as  will  bring  the 
bodies  which  enter  into  combination,  and  the  product  of  this  com- 
bination, to  the  state  of  pure  gases.  The  molecular  specific  heat 
of  simple  gases  of  the  formulae  H^  N*,  0\  is  the  same,  viz.,  6*85. 
The  compound  gases,  approaching  the  state  of  perfect  gases,  also 
possess  specific  heats  equal  to  the  sum  of  those  of  the  simple  gases 
which  compose  them.  Starting  from  the  temperature  at  which  it 
acquires  a  perfectly  gaseous  state,  the  molecular  heat  of  the  compound 
should  become  independent  of  the  temperature  equal  to  the  sum  of 
the  molecular  heats  of  the  component  gases,  Sc  =  Sc'i,  and  the  general 
formula  will  become  Q,  =  Q|,  because  in  the  formula  Qt  =  Qi+U—Y, 
U  would  be  equal  to  V.  M.  Berthelot  calls  **  atomic  (molecular)  heat 
of  combination  "  the  heat  disengaged  at  the  temperature  at  which  the 
components  and  compounds  may  be  considered  as  perfect  gases,  and  at 
which  this  heat  is  independent  of  a  fresh  increase  of  temperature.  It 
follows  from  what  has  been  said,  that  the  heat  of  combination  disen- 
gaged or  absorbed  in  a  chemical  reaction  is  I'educed  to  two  terms. 

a.  The  molecular  heat  of  combination  arising  from  the  single  effect 
of  chemical  affinities  brought  into  action  under  comparable  conditions, 
that  is  to  say,  when  the  bodies  are  in  the  state  of  perfect  gases. 

p.  The  heat  arising  from  changes  of  state,  specific  heat,  or  physical 
modifications  of  bodies.  This  second  cause  is  the  reason  that  the 
quantity  of  heat  disengaged  or  absorbed  in  one  and  the  same  reaction 
varies  according  to  circumstances. 

It  is  evident  that  in  order  to  compare  the  heat  disengaged  in 
chemical  reactions  the  molecular  heat  of  combination  of  the  com- 
pounds must  first  be  found ;  but,  unfortunately,  this  heat  can  very 
seldom  be  determined,  and  represents  an  ideal  definition  whenever  the 
bodies  which  enter  into  reaction  cannot  exist  in  the  state  of  perfect  gas 
without  decomposition.  There  is  another  method  of  bringing  the 
bodies  which  enter  into  reaction  to  a  state  admitting  of  comparison, 
which  consists  in  producing  such  a  decrease  of  temperature  that  all 
the  bodies  become  solid ;  in  this  case  the  equation  would  become 
Q,  =  Q^-|-(Sc,  —  2c)(T— <),  and  it  maybe  admitted  as  an  approxima- 
tion, in  the  case  of  considerable  disengagement  of  heat,  that  the  specific 
heats  vary  very  little,  and  that  therefore  every  time  the  bodies  reacting 
are  solid  in  the  initial  and  final  systems,  the  chemical  reactions  may 
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be  regarded  as  comparable.  The  oomparisons  would  be  exact  if  an 
absolute  zero  conld  be  reached  :  this  is  a  condition  qnite  as  important 
as  that  of  bodies  being  perfectlj  gaseous,  but  impossible  to  be  realized 
even  approximately  in  our  experiments. 

But  besides  these  cases  in  which  the  reactions  may  be  com^pared  in 
all  the  bodies,  there  are  groups  of  bodies  having  analogous  chemical 
functions  which,  in  the  case  of  analogous  reactions  taking  place  under 
the  same  conditions,  give  disengagements  of  heat  which  may  be  com- 
pared among  themselves.  The  formation  of  soluble  salts  by  means  of 
soluble  acids  and  bases  is  an  instance  of  this :  MM.  Favre  and  Silber- 
mann  have  shown  that  the  quantities  of  heat  differ  very  little  in 
different  acids  and  bases  when  they  are  dissolved  in  such  a  manner 
that  a  fresh  quantity  of  water  added  to  the  solution  prodaoes  no  dis- 
engagement of  heat :  under  these  conditions  of  molecular  sepfiration, 
for  instance,  the  differences  between  ammoniacal  gas,  caustic  baryta, 
and  potash,  disappear,  and  the  bodies  thus  dissolved  are  broTig:lit  to 
states  which  are  nearly  comparable. 

But  the  quantities  of  heat  disengaged  in  the  formation  of  salts  thus 
dissolved  is  very  different  from  the  heat  of  molecular  combination 
corresponding  to  their  formation  under  ordinary  conditions,  and  we 
really  know  nothing  concerning  the  relation  between  these  two  quan- 
tities of  heat.  In  his  second  essay,  M.  Bcrthelot  applies  the  theore- 
tical considerations  we  have  thus  briefly  stated  to  the  calculation  of  the 
quantities  of  heat  disengaged  in  the  formation  of  oi^anic  compounds. 
As  the  formation  of  organic  bodies  generally  takes  place  too  slow^ly  for 
it  to  be  possible  to  measure  directly  the  quantity  of  heat  disengaged 
in  these  reactions,  indirect  means  must  be  used  for  this  pnrpose. 
M.  Berthelot  explains  by  an  example  the  method  by  which  he  calcu- 
lated these  quantities,  using  for  this  the  heat  of  combustion  found  by 
the  experiments  of  Dulong,  Andrews,  Favre,  and  Silbermann,  which 
had  hitherto  remained  without  theoretical  value.  Let  us  suppose  that 
we  have  to  calculate  the  heat  disengaged  in  the  formation  of  marsh 
gas. 

C +11*  =i  CH*.  This  quantity  of  heat  may  be  calculated  when  the  heat 
of  combustion  of  carbon,  of  H,  and  of  marsh  gas  is  respectively  known, 
which  numbers  are  given  by  MM.  Favre  and  Silbermann's  experiments. 

Let  us  take  C,  H*,  O*  at  0^,  and  at  the  state  at  which  we  know  these 
bodies.     This  system  may  be  changed  into  2(H'0)  and  CO*  in  two 
different  ways :  a.  C  is  combined  directly  with  0*,  and  H*  with  O*,  to 
form  CO'  and  2(IP0).     The  heat  of  molecular  combustion  is   easily 
calculated.      Direct  experiment  gives  this  for  unity  of  weight,  and 
we  multiply  by  the  molecular  weights  of  the  bodies  brought  into 
reaction.     We  find  that  on  this  combustion,  taking  place  at  0°,  232000 
represents  the  heat  disengaged.    &.  Marsh  gas  is  formed  with  C  and 
H^,  which  is  accompanied  by  a  disengagement  of  a  quantity  of  heat 
which  cannot  be  measured  directly  on  account  of  the  conditions  of  the 
reaction,  and  which  we  will  call  x. 
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The  gas  GH^  ihns  formed,  we  combine  it  with  O*  by  the  reaction 
CH*-f-  0*  =  CO"-f  2(H*0),  and  measure  the  heat  disengaged  in  this 
combustion  ;  it  is  equal  to  210000.  In  both  cases,  we  started  from  the 
same  initial  system  C,  H^,  O*,  to  end  in  the  same  final  system  CO^ 
-f-  2(H*0) :  the  quantities  of  heat  disengaged  in  the  two  reactions 
should  therefore  be  equal  amoug  themselves.  In  the  direct  foimation 
of  CO'  and  2(nH))  it  has  been  seen  that  232000  represented  the 
quantity ;  in  the  second  case,  x  amount  of  heat  was  disengaged  at  the 
time  of  the  formation  of  CH\  and  210000  is  the  calorific  equivalent  for 
the  combustion  of  CH*  to  form  00*+  2(H»0).  We  therefore  have 
232000  =  a?  -f  210000  and  a?  =  232000  -  210000  =  32000  heat  unite.* 

M.  Berthelot  formulates  the  law  deduced  from  these  considerations, 
which  he  used  in  all  his  calculations,  by  saying  that  the  differ- 
ence between  the  heat  of  combustion  of  two  equivalent  systems  is 
equal  to  the  quantity  of  heat  disengaged  or  absorbed  when  one  of  the 
systems  is  transformed  info  the  other.  We  will  sum  up  the  results 
M.  Berthelot  amved  at  by  the  application  of  ihis  law,  without  entering 
into  details  of  the  calculations. 

In  the  case  of  the  gradual  oxidation  of  a  body,  with  the  formation  of 
successive  teims  containing  the  same  number  of  atoms  of  C,  the  quan- 
tities of  heat  disengaged  are  evidently  in  proportion  to  the  number  of 
atoms  of  O  consumed.  For  the  oxidation  of  C'H*0,  and  its  successive 
transformation  into  aldehjd,  acetic  acid,  and  oxalic  acid,  the  number 
of  the  calorific  equivalent  corresponding  to  the  consumption  of  each  O 
is  about  equal  to  54000.     For  methylic  alcohol  it  would  be  60000. 

In  the  homologous  series,  the  quantities  of  heat  disengaged  by  the 
fixation  of  O*  increases  as  the  equivalent  rises. 

The  study  of  isomerism  may  gain  much  by  the  consideration  of 
thermo-chemical  phenomena.  Eveiy  transformation  of  a  body  into  an 
isomeric  body  is  accompanied  by  an  absorption  or  disengagement  of 
heat ;  an  example  of  this  is  seen  in  sulphur. 

We  may  see,  a  priori,  that  the  amount  of  work,  negative  as  well  as 
positive,  necessary  to  transform  a  body  into  ite  isomers  is  equal  to  O 
only  in  exceptional  cases,  and  that  as  a  general  rule  a  disengagement 
or  else  an  absorption  of  heat  is  necessary.  Some  data  M.  Berthelot  has 
collected  on  this  subject  confirm  what  he  states.  The  heat  of  com- 
bustion of  the  hydrocarbides  C'"H**  would  be  for 

Oil  of  lemon         1490000 

—  of  turpentine        ....     1475000 
Terebene 1 4^^0000 

The  two  first  hydrocarbides  possess  a  rotatory  power  which  the 
latter  is  without,  and  the  absence  of  which  entails  a  certain  disengage- 
ment of  heat  corresponding  to  a  molecular  work  which  has  caused  this 
loss.     This  fact  is  confirmed  by  experiment :  when  terebene  is  acted  on 

*  A  unit  of  heat  is  the  amount  of  heat  neteaanry  to  raise  n  kilogramme  of  water 
from  0^  to  1°  centigrade— Tr. 

:i  K 
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by  sulphttrio  aoid,  it  loses  its  rotatoiy  power  and  disengages  a  consi- 
derable quantity  of  heat ;  however,  this  reaction  is  not  veiy  clear,  for 
it  is  accompanied  by  the  formation  of  polymeric  prodncts. 

llie  polymers  also  present  interesting  phenomena.  The  transform- 
ation of  a  body  into  its  polymer  is  accompanied  by  a  disengagement  of 
heat  This  is  found,  for  instance,  when  terebene  is  transformed  into 
diterebene.  It  is  remarked  at  the  same  time  that  the  boiling  point  and 
the  density  increase,  but  that  the  specific  heat  remains  unchanged. 

The  comparison  of  metameric  bodies  having  different  fanctions  is 
yery  interesting.  With  methylic  alcohol,  formic  acid  can  give  two  dif- 
ferent isomeric  compounds :  methyl-formic  ether  and  acetic  acid ;  the  first 
by  direct  union,  and  the  second  by  means  of  the  cyanide  of  methyl. 

The  heat  of  combustion  of  the  formiate  of  methyl  is  equal  to  252000, 
and  that  of  acetic  acid  to  210000  heat  units.  M.  Berthelot  thence 
concludes  that  the  transformation  of  the  formiate  of  methvl  into  acetic 
acid  would  be  accompanied  by  a  disengagement  of  42000  units  of 
heal  But  it  is  a  recognized  fact  that  a  considerable  disengagement 
of  heat,  accompanied  by  a  change  of  physical  properties,  con-esponds 
to  a  more  intimate  combination  of  the  component  elements.  In 
reality,  in  the  case  in  question,  methyl-formic  ether  may  be  easily 
transformed  into  formic  acid  and  methylic  alcohol,  while  acetic  acid 
presents  a  very  much  greater  stability.  M.  Berthelot  thence  concludes 
that  acetic  acid  is  a  first  principle,  and  formic  ether  a  secondary  one, 
comprising  under  the  first  denomination  the  combinations  more  stable 
and  intimate  than  those  to  which  he  applies  the  second.  The  Karne 
fact  is  observed  in  the  formic  ethers  of  all  alcohols  compared  to  the 
acids  which  are  isomeric  with  them,  as  well  as  generally  in  the  acids 
C"H*0  compared  to  the  isomeric  ethers. 

For  instance,  butyric  acid  in  burning  disengages  497000,  and  acetic 
ether  553000  units  of  heat. 

Caproicacid 812000 

Methyl-valeric  ether 856000 

Generally,  the  more  stable  the  compound,  the  greater  is  the  heat 
disengaged  in  its  formation.  The  compound  formed  under  these  con- 
ditions has  a  density  and  a  boiling  point  higher  than  that  of  its  isomer. 

M.  Berthelot  observes  with  reason  that  the  reciprocal  transform- 
ations of  isomeric  bodies  belong  to  the  most  general  notions  of  mecha- 
nical chemistry ;  heat  is  disengaged :  1  st,  when  several  molecules  unite 
to  form  a  polymer  ;  2nd,  when  a  secondary  compound  is  transformed 
into  a  primary  one.  Lastly,  M.  Berthelot  applies  the  principles  we  have 
just  enumerated  to  the  study  of  the  foimation  of  the  different  series  of 
organic  bodies,  which  study  is  of  very  great  interest,  into  which,  how- 
ever, the  limits  of  this  work  do  not  allow  us  to  follow  him. 

Atomic  Volume.— The  term  atomic  volnme  is  applied  to  the  quotient 
of  the  atomic  weight  of  a  body  divided  by  its  density.  It  is 
evident  that4f  there  were  no  space  between  the  atoms,  this  would  be 
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the  volame  of  the  atom  itself.  In  realitj  this  is  not  tbe  case,  because 
bodies  contain  considerable  interspaces ;  but  as  the  space  existing 
around  atoms  of  the  same  nature  is  constant  under  the  same  conditions, 
the  quotient  spoken  of  also  expresses  a  constant  relation :  it  represents 
the  portion  of  space  occupied  by  a  given  atom,  including  the  spcu^e 
which  always  surrounds  that  atom. 

On  this  conception  of  the  term  it  is  easy  to  understand  that  one 
body  should  have  different  atomic  volumes,  according  to  the  combina- 
tions into  which  it  enters  and  the  place  it  there  occupies.  It  is  per- 
fectly conceivable  that  the  atoms  of  oxygen,  for  instance,  are  more  or 
less  distant  from  each  other  and  from  the  atoms  of  other  bodies, 
according  to  the  part  the  former  act  in  the  compounds. 

Now  that  the  words  atom  and  molecule  possiess  very  distinct 
acceptations,  it  is  also  necessary  to  distinguish  the  atomic  from  the 
molecular  volume;  this  latter  being  the  quotient,  not  of  the  atomic 
weight,  but  of  the  molecular  weight  divided  by  the  density. 

In  order  to  compare  the  molecular  volumes  of  different  compounds, 
it  is  necessary  that  the  bodies  should  be  taken  in  as  nearly  as  possible 
the  same  conditions.  When  liquids  are  in  question,  they  should  be 
brought  to  temperatures  at  which  they  have  the  same  tension  of 
vapour,  that  is  to  say,  to  their  boiling  points. 

To  be  able  to  determine  the  molecular  volume  of  a  liquid,  it  is  there- 
fore necessary  to  know :  1st,  its  boiling  point ;  2nd,  its  density  at  a  low 
temperature ;  8rd,  its  coefficient  of  dilatation,  from  the  temperature  at 
which  its  density  has  been  ascertained  to  that  at  which  the  liquid  boils. 

Kopp  has  determined  the  molecular  volumes  of  a  great  number  of 

18 
organic  substances,  bringing  all  to  that  of  water  =  — -  =  18 ;  he  finds : 

Ist,  that  the  molecular  volumes  of  homologous  compounds  differing  by 
n(CH'),  differ  from  each  other  by  n  times  a  constant  term,  which  is 
equal,  as  a  mean,  to  22. 

2nd.  That  the  molecular  volumes  of  isomeric  compounds  are  identi- 
cal (at  least  when  these  isomers  may  be  derived  from  the  same  type). 

3rd.  That  the  replacement  of  H*  by  O  does  not  appear  to  modify  the 
molecular  volume. 

4th.  That  the  substitution  of  C  for  H'  in  a  compound  does  not  cause 
any  change  in  the  molecular  volume. 

From  the  preceding  data,  M.  Kopp  has  calculated  the  atomic  volumes 
of  oxygen,  hydrogen,  and  carbon  in  compounds. 

From  the  fact  that  the  substitution  of  C  for  H*  does  not  cauFe  the 
molecular  volume  to  vary,  he  draws  the  conclusion  that  C  occupies  the 
same  space  as  H*. 

Knowing  that  the  specific  volume  of  OH*  is  22,  he  thence  concludes 

22 
that  the  atomic  volume  of  C  is  —  =  11,  and  the  atomic  volume  of  H 

22     _ 

2  +  2  -  ^*^- 

3  E  2 
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Then  he  sought  the  atomic  volume  of  oxygen  of  sobstitation,  coin- 
paring  the  moleonlar  volume  of  an  aldehyd  or  an  aoetone  with  that  of 
the  corresponding  hydrocarbide.     Thus,  if  from  the  molecular  volame 

of  aldehyd  (^*^h})  (^^'^-^^'^)  ^^^  of  ethylene  ((?H*)  (44)  bo 

deducted,  there  remains  56—44=12  for  the  volume  occupied  bytbd 
oxygen. 

On  calculating  the  atomic  volume  of  the  oxygen  of  sab8titatio& 
in  several  bodies,  he  found  the  values  vary  between  12*0  and  12*9,  and 
took  the  number  12*2  as  a  mean  term. 

In  order  to  determine  the  atomic  volame  of  typical  oxygen,  he 
subtracted  11,  that  is  to  say,  the  atomic  volume  of  H'  from  the  number 
18'8,  which  represents  the  molecular  volume  of  boiling  water.  The 
difference  7*8  represents  the  atomic  volume  of  typical  oxygen. 

By  means  of  these  numbers,  M.  Kopp  succeeds  in  calculating  the 
molecular  volume  of  an  organic  compound  not  nitrogenized  O'H^(0)'0', 
multiplying  the  exponents  a,  &,  c,  d,  by  the  respective  atomic  volumes  of 
the  bodies  to  whose  symbols  they  are  attached.  Thus  we  have :  ax  H 
-j-5  X  5'5+«x  12-2-f-dx  7*8  =  V  ;  V  being  the  molecular  volume  of  the 
compound. 

(O)'  represents  the  oxygen  of  substitution  and  O*  the  tvpical 
oxygen. 

Gorhardt  objects  to  this  calculation  that  it  has  the  fault  of  being 
arbitrary,  one  body  possessing  several  rational  formulae :  but  if  the 
rational  formulae  of  a  body  may  be  varied  in  order  to  explain  its 
reactions  clearly,  it  can  only  be  that  the  oxygen  of  addition  becomes 
oxygen  of  substitution  and  vice  vered.  Now,  at  the  present  time,  in  & 
great  number  of  bodies  (acids  and  alcohols)  we  know  how  to  dis- 
tinguish oxygen  of  addition  from  oxygen  of  substitution. 

In  other  bodies  the  distinction  is  less  easy,  but  because  M.  Kopp's 
formula  can  only  be  applied  to  the  best-known  compounds,  it  is  no  reason 
why  it  should  be  rejected  :  on  the  contrary,  it  should  be  a  reason  why 
it  should  be  used  to  determine  what  is  or  is  not  typical  oxygen  in  those 
bodies  in  which  this  question  is  still  undecided. 

It  is  clear  that,  knowing  the  molecular  volume  of  a  body,  its  densily 

P  P 

may  be  thence  deduced  :   in  fact,   if  V  =  ^,  D  =  =.,  the  molecular 

volume  may  be  used  to  find  the  molecular  weight :  we  have  Y  x  D = P- 

Index  of  Befraotion. — Landolt*    has    determined,   by    very  exact 

methods,  the  index  of  refraction  and  the  density  of  a  great  number  of 

bodies,  relatively  to  three  lines  /ax,  /x/3,and  fiy  of  the  hydrogen  spectrum; 

n  — 1 
he  has  also  calculated  the  values  — ^=—  in  which  n  is  the  index  of 
*  a 

refraction,  and  d  the  density  taken  at  the  same  temperature  as  this 

*  Poggendorrs  Annalen,  cxzii.,  p.  545;  and  oxziii.,  p.  595;  and  Annalen  der 
Chemie  und  Fhamuieiet  iv.  supplement,  vol.  i. 


^ 
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n  — 1 
index ;  D  ■    -   P»  in  which  P  representa  the  molecular  weight  of  the 

substance.     He  calls  the  value  given  by  this  latter  equation  refinac- 

tion-equivulent.     He  uses  the  first  in  preference  to  that  of  Sohrauff 

n'-l 
-z — ,  to  which  the  name  of  refractive  power  has  been  given,* 

The  substances  on  which  he  has  operated  are :  water,  formic,  acetic, 
propionic,  butyric,  valeric,  caproic,  and  cenanthylic  acids;  methylic, 
ethylic,  propylic,  butylic,  and  amylic  alcohols ;  the  acetate  of  methyl t 
formiate  of  ethyl,  acetate  of  ethyl,  butyrate  of  methyl,  valerate  of 
methyl,  butyrate  of  ethyl,  foimiate  of  amyl,  valerate  of  ethyl,  acetate 
of  amyl,  valerate  of  amyl,  aldehyd,  valeral,  acetone,  oxide  of  ethyl, 
acetic  anhydride,  ethylenic  glycol,  diacetate  of  ethylene,  glycerine, 
lactic  acid,  phenol,  essential  oil  of  bitter  almonds,  salycylic  aldehyd, 
salicylate  of  methyl,  benzoate  of  methyl,  and  benzoate  of  ethyl* 

The  first  question  Landolt  considered  was,  *'  Does  the  grouping  of 
atoms  in  molecules  exercise  an  influence  on  the  specific  refractive  energy, 
or  does  this  latter  depend  entirely  on  the  centesimal  composition,  or  is 
it  quite  independent  of  the  intimate  constitution  of  the  body  ?" 

Beckerel,  Cahours,  Deville,  and  Delf  had  already  discovered  that 
metameric  bodies,  having  very  similar  densities,  also  have  indices  of 
refraction  which  are  almost  equal.  Schi-aufif  went  farther  than  this :  he 
remarked  that  the  absolute  refractive  power  of  metameric  or  polymeric 

bodies,  calculated  from  the  formula      .    ,  is  the  same  in  all  bodies  of 

the  same  group  ;  whence  he  concluded  that  the  centesimal  composition 

alone  excercised  any  influence  on  this  refracting  power.     But  after 

this.  Dale  and  Gladstone  found  that  for  several  bodies,  isomers  of  the 

benzoic  group,  and  for  several  polymeric  hydrocarbidos,  corresponding 

ii  —  1 
to  the  general  formula  nC*H*,  the  values  of  — -z—    were   expressed 

by  numbers  which  are  sometimes  identical,  but  often  very  different: 
they  thence  concluded,  contrary  to  the  opinion  of  the  previously-men- 
tioned authors,  that,  according  to  circumstances,  isomerism  sometimes 
does,  and  sometimes  does  not  affect  the  specific  refractive  energy.  How- 
ever, their  experiments  were  not  sufficient  to  establish  the  conclusions 
deduced.  The  differences  observed  might  arise  from  errors  in  observa- 
tion or  from  impurities  contained  in  the  substances  operated  with. 

In  order  to  remove  this  latter  source  of  error  from  his  experiments, 
Landolt  operated  with  substances  obtained  by  different  modes  of  prepar- 
ration,  and  he  always  found  that,  when  the  purification  was  perfect, 

*  The  exprasrioDB  oominonly  aaed  in  English  for  theae  formnln  are  "speciflo 
refractiYe  energy*'  for  '*^;  "absolute  refractive  power"  for  ^^-^;  and  "molecular  re- 

fnictiTe  power "  or  ** refraction-equivalent "  for  -j—  P. — ^T.  8. 


790 


PMNCIPLES  OP  CHEMISTRY. 


the  diflferences  observed  between  the  values  of  the  refiactive  power 
did  not  exceed  0'004. 

The  following  table  contains  the  result  of  his  researches  on  meta- 
merio  and  polymeric  bodies.     F  indicates  the  molecular  weight. 

MCTTAMEKIC   BODIES. 


FormtibB. 


Namrb  op  Domes. 


/isoec^a  I  I  Propionic  acid    . 
iV        -  •  M  Acetate  of  methyl 
1    =    '**(  (FurmisteofetliyL 


C^H^O*  WButyricacid.     . 
p  .  38 1  \  Acetate  of  ethyl 


C*IPW  1  /Valeric  acid  .     . 
P  =  102)  \^"*y*t®ofJ>iethyl 


i'Oaproio  acid.     . 
Valerate  of  methyl 
Butynte  of  etiiyl 
Formiate  of  nmyl 

P^H««n«  \  I^Eiiaiithylic  aoid 
r  =   160  \  (Acetate  of  amyl 


C^ff^O  VJButylic  alcohol 
P  =   74n^*»deofethyl 


Index  of 


0  9968 
0-9053 
0-9078 


0-9610 
0*9021 


1*3846 
1*3592 
1*8580 


I 
SpedAc    IRefTactJon- 
refrmcUw  leqniTaleiit 

eneivy    '  ^«— l 

lia-l 


0-3860 
0*8967 
0-3944 


1-3955  I  0-4116 
1-3707  0*4110 


0-9313  1-4022 
0  8976  I  1-3869 


I 


0-9252 
0  8809 
0-8906 
0-8816 

0*9175 
0-8674 
0-8574 

0*8074 
0-7166 


1-4116 
1-8927 
1-.8940 
1-3959 

1 -4192 
1-3950 
1-4017 

1-8940 
1-3511 


0-4311 

0*4449 
0-4458 
0*4424 
0*4491 

0-4569 
0-4554 
0-4685 

0-4879 
0-4900 


28-57 
29-36 
29-18 

36-22 
86-17 


0-4319       44-05 


43-97 

51-61 
51-71 
51 '32 
52-09 

59-40 
59*20 
60-90 

36-11 
86-26 


Polymeric  Bodies. 


Formula*. 


Nambb  w  Bodies. 


(?11*0=    44WAldehyd    .  . 

C*H'0'=    bSjt  Butyric  acid  . 

C»H«0=    58)  .Acetone    .  . 

C«11"0"  =  1 1 6 1  iCaproic  aoid  . 


Qioj£»o«  =172  f  \VailerKte  of  amyl 


Density =<l. 


0-7810 
0-9610 


0*7931 
0-9252 


Index  of 
reftvctkm 
=  n 


1-3298 
1-3955 


1-3572 
1-4116 


reftvcUvie 

emergy 
—  1 


0-4222 
0*4116 


0*4506 
0*4449 


0-7995     1<3861     0-4830 
0*8581  ;  1-4098     0*4775 


Refl^rsetton- 
equivalent 


18*58 
36-22 


26-12 
51-61 


41-54 
82-14 
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It  will  be  seen  on  inspeoting  this  table,  that  metamerio  bodies, 
though  presenting  marked  differences  in  their  index  of  refraction  fua^ 
and  in  their  density  d,  only  differ  very  slightly  in  their  specific  refractive 

energy  — -r— ,  and  in  their  refraction-eqnivalent  -^  P.    But  howcTer 

slight  these  differences  may  be,  they  exceed  those  which  might  be 
attributed  to  simple  errors  of  observation,  and  they  exceed  them  in  a 
marked  degree  when  bodies  are  operated  upon  which  are  difScult  to 
purify,  like  the  compound  ethers.  The  molecular  grouping  therefore 
exercises  an  influence  on  the  specific  refractive  energy  of  bodies,  but 
this  influence  is  scarcely  appreciable. 

The  density  and  index  of  refraction  of  polymeric  bodies  increase 

tMJCL  "■  I 

when  the  molecule  becomes  double,  but  the  value       -       decreases  a 

a 

little  under  the  same  conditions;  whence  it  results  that  the  refraction* 

equivalents     — = —  P  are  not  exact  multiples  of  each  other.    Besides 

a 

the  observations  on  the  preceding  isomeric  bodies,  Landolt  has  made 
other  experiments  to  determine  the  influence  of  the  atomic  structure 
on  the  specific  refractive  power. 

Mixtures  may  be  considered  as  not  having  any  atomic  structure, 
and  some  may  be  obtained  which  present  the  same  centesimal  compo- 
sition as  a  given  definite  compound.  In  the  homologous  series  these 
are  easily  prepared  by  mixing  two  terms  of  the  series,  the  one  above 
and  the  other  below  that  whose  composition  is  to  be  imitated.  Thus 
on  mixing : 


One  molecule  of 
ftoctic  edd 

Two  of  etbyMoobol 

2(CH'0)  + 

Three  of  metliylic  alcohol 

3(CH^)  + 

Oneofethyl-eloohol 

C*H«0  + 


with  one  molecule 
of  batjrric  add 

one  of  amyl-aloohol 

one  of  amyl-aloolMrf 

two  of  amyl<«Iooliol 

2(C*ffH)) 


a  mixture  Is  obtained  ha\inK  tlio 
same  oompoeltlon  at  propionic  add 

2(C»H-0») 

■•me  compodtlon  at 
propylAUcohol 

ae  etfayl-aloobol 

4(CH'0) 

«■  botyl-aloohel 


Landolt  has  also  prepared  liquids  which  present  the  same  centesimal 
composition  as  glycerine  by  mixing : 


One  molecule  of  prapioalc  add  with  one  molecule  of  water 

(TH'O'  +  HK) 


One  of  etbyl-aloobol 


one  of  fonnic  acid 

CH«0* 


ODOpogltioo  of  gUjoeriiMk 


CfETO* 


One  of  meth7l<«loohol 

CH*0 


with  one  of  acetic  add 


CH«0» 
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On  mixing  oqnivalent  quantities  of  essential  oil  of  bitter  almonds 
and  formic  acid,  he  obtained  a  liquid  which  has  the  same  centet^imai 
composition  as  the  salicylate  of  methyl  CHK)*. 

The  results  of  his  reseaches  will  be  found  in  the  following  table,  in 
which  /Ao,  i».p  and  /xy  indicate  the  indices  of  reflection  taken  in  oum- 
parison  with  the  three  lines  of  the  hydrogen  spectrum. 


Nam  fa  ov  MoviVJi. 


1  niol.  of  acvtic  acid  . 
1  luol.  of  butyric  acid 
Mixtare    .... 
Prupionio  acid     .     . 


3  mol.  of  methyl-alcohol 
1  mol.  of  amyl-alcohol 
Mixlure    .... 
Ethyl- alcohol. 


2  mol.  of  cthyl-aleoliol 
1  mol.  of  timyl-elcuhol 
Mixtnro     .... 
Propyl -alo.'liol     . 


1  mol.  uf  ctiiyl-alcohol 

2  mol.  of  amyl-alcohol 
Mixture     .... 
Butyl-alcoliol.     .     . 


1  mol.  of  propiouic  acid 
1  mol.  of  water    . 
Mixture    .... 


1  mol.  of  ethyl-alooliol 
]  mol.  of  formic  acid. 
Mixture 


•     •      • 


1  mol.  of  methyl-nlcohol 
1  mol.  of  acetic  acid  .     . 

Mixture 

Glycerine 


1  0.514 
0-9610 
0-99.S0 
0-9963 


1  mol.  of  benzoic  aldehyde 
1  mol.  of  formic  acid .     . 

Mixture 

Salicylate  of  methyl 


0-8011 
0-8135 
0-8104 
0-8074 

0-9963 
1-0000 
1 ' 0220 

0-8011 
1-2211 
0-9G02 

0-7964 
10514 
0  9606 
1-2615 


1-3(599 
1-3955 
1-3851 
1-3846 


0-7964  1-3279 
0-8135  1-4057 
0-8038  .  1-3640 
0-8011   1-3605 


0-8011  '  1-360.5 

0 -81.35  1-4057 

0-8065  1-3822 

0-8042  1-3794 


1-3605 
1-4057 
1-3961 
1-3940 

1-3846 
1-3311 
1-3856 

1-3605 
1 -3693 
1-3610 

1-3279 
1-3699 
1-3594 
1-4706 


^ 


MY 


1-(H74 

1-.5391 

1-2211 

1-3693 

1-0876 

1-4900 

1-1824 

1-5302 

3765  :  1 

4026  '  1 

3918  1 

3913  1 


3802 
4065 
3956 
3951 


3332 
4128 
3700 
3667 


3667 
4128 
3887 
3858 


3913 
3371 
3925 


1-3362 
1-4169 
1-3735 
1-3700 


1-3700 
1-4169 
1-3925 
1-3893 


3667  1-3700 
4128  ,  1-4169 
4028  1-4068 
4007  i  1-4045 


1-3951 
1-3404 
1-3964 


3667  1-3700 
3764  1-3804 
3675  1-3710 


3332  I  1-3362 
3765  1-3802 
3656  ;  1-3692 
4785  !  1-4828 


5624 
3764 
5089 
5521 


1-5775 
1-3804 
1-5210 
1-5672 


M«-i 


-  !f 


— 1 


0-3878 
0-3860 


28-G9 
28-57 


0-4528 
0-4501 


20-83 
20-70 


0-4738 
0-4717 


0-4887 
0-4879 


0-3773 


0-8741 
0-3731 


0-4505 
0-4484 


28-43 
28-30 


36-17 
S611 


34-71 


0-3760       34-59 


34-42 
34-32 


68-48 
68*  16 


refraction-equivalent 


n"-l 


n  —  1 

This  table  shows  that  the  specific  refractive  energy  —r-  and  the 

P  are  abont  the  same  for  definite  cdmponnds 

n,  —  1 

and  for  mixtures  of  the  same  composition.     However,  the  value  ■    , 

is  a  little  more  for  mixtures  than  for  the  compounds.     There  is  not  a 
complete  identity,  but  only  a  great  approximation  between  them.   Here, 
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therefore,  as  in  the  stady  of  isomeric  bodies,  we  arrive  at  the  conolu- 
siou  that  molecular  structure  exercises  an  influence,  but  a  very  small 
oae,  on  tbe  specific  refractive  enei^. 


Homoiogous  Series. 
Berthelot  was  the  first  to  study  the  modification  the  absolute  refrac- 
tive power  (  — -r —  j  undergoes,  when  we  pass  from  one  term  to  another 

in  a  homologous  series.      His  experiments  were  not  very  numerous,  but 

he  arrived  at  the  conclusion  that  bodies  which  differ  by  nCH'  give  a 

Pn'  —  1 
difference  of  nl8  in  the  value  — 3 — .    Schrauff  has  tried  to  prove,  from 

a 

the  observations  of  Delfs,  that  in  the  series  C"H*0*  the  refraction- 

Pn«  — 1 
equivalent  — - —  of  any  term  whatever  is  equal  to  the  mean  of  the 

refraction-equivalents  of  two  terms  equally  distant  from  this  mean 

term,  one  above,  the  other  below,  and  that  consequently,  in  homologous 

series,  the  optical  properties  vary  serially.     Dale  and  Gladstone,  who 

have   also   studied  this    question,   have   contented  themselves  with 

n  — 1 
showing  that  the  value  -—=—  increaKCS  when  GH*  accumulates  in  mole- 

d 

culcs. 

Landolt,  in  his  turn,  has  reopened  the  question,  and  we  may  deduce 
from  his  expeiiments  :• 

1st.  That  generally  an  increase  in  the  number  of  atoms  of  carbon 
and  hydrogen  produces  an  increase  of  the  index  of  refi-action,  but  that 
sometimes  the  reverse  of  this  happens.  Thus  the  benzoate  of  ethyl 
has  an  index  of  refraction  lower  than  that  of  benzoate  of  methyl* 

n  —  1 
2nd.   That  the  specific  refractive  enei^    --7—  increases  when  the 

number  of  CH'  increases,  but  that  the  quantities  by  which  this  value 
augments  are  unequal,  and  diminish  progressively  as  GH*  is  added  to 
bodies  more  and  more  rich  in  carbon  and  hydrogen. 

Pn'  -  1  . 
3rd.  That  the  refraction-equivalent  — -= —  increases  by  a  constant 

quantity,  which  is  about  7*6  for  each  addition  of  CH*. 

Instead  of  experimenting  on  bodies  classed  in  homologous  series,  we 
may  operate  upon  bodies  grouped  in  series  €U)Cording  to  characters  other 
than  the  addition  of  nCH^  Thus  there  are  bodies  whose  empirical 
formulaB  present  constant  differences  between  each  other,  but  which 
have  different  functions.  The  study  of  such  bodies  enables  us  to 
determine,  with  more  or  less  precision,  the  influence  which  their  chemical 
constitution  exercises  on  light.     It  is  found  that  bodies  which  present 

*  See  Poggendorf  •  Annalen,  cxxUL  608  and  609,  table  iv. 
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the  same  difference  in  their  composition  do  not  give  equal  differences 

n  —  1 

in  the  value  — 3—  P,  as  in  caseR  in  which  their  chemical  constitution 

a 

18  the  same.     1'he  causes  which  determine  the  agreement  or  differences 

in  these  numbers  become  very  clear  when  the  rational  formulad  are 

examined.     It  is  seen  that  the  grouping  does  not  exercise  any  influence 

on  the  value  of  the  specific  refractive  energy  when  the  bodies  under 

con.sideration  are  derived  from  the  same  type,  but  that,  on  the  contrary', 

it  exercises  oonsidei-ablo  influence  when  these  bodies  belong  to  different 

types.       Thus  the    refraction-equivalents    of  acetone    (     CH'i )  *^^ 

jj\\  differ  aliout  equally  from  that  of  butyric 

acid,  because  propyl  ic  aldehyd  and  ordinar}*^  acetone  are  very  similarly 
constituted. 

The  other  series  besides  the  homologous,  studied  by  Landolt,  are 
those  of  bodies  whose  formul»  differ  by  nC,  by  nIP,  and  by  nO ;  omit- 
ting certisiin  very  refractive  bodies  which  do  not  follow  the  same  laws 
exactly. 

In  those  bodies  which  differ  by  tiC,  it  is  observed  that  the  density 
and  index  of  refraction  diminish  as  the  number  of  C  increases,  that  the 

ft  — *  1 
specific  refractive  energy  — -i-  does  not  obey  any  regular  and  simple 

Pn  —  1 
law,  but  that  the  refi'aotion-equivalent  — -= —  increases  about  equally 

for  each  C  added. 
For  bodies  differing  by  tilP,  the  density,  index  of  refraction,  and  specific 

refractive  energy    --^ — ,  constantly  increase  with  the  augmentation  of 

the  number  of  H",  and  it  is  the  same  with  the  refraction-equivalent 
Pn-1 

d     • 

Each  addition  of  0  causes  an  elevation  of  the  density  and  index  of 

refraction,  a  diminution  of  the  value  ,  and  a  tolerably  regular 

increase  of  the  value ; — . 

a 

Useful  results  are  furnished  by  the  modification  of  the  refraction- 

P«i  —  1 
equivalent  — ^ — , which,  by  the  addition  of  each  element,  increasea  by 

a  determined  quantity  paitly  depending  on  the  constitution  of  the  sub- 
stance. It  has  been  seen  that  two  groups  of  bodies,  which  differ 
among  themselves  by  equal  numbers  of  atoms  of  the  same  natui^e, 
present  differences  in  their  refraction-equivalents,  which  differences 
are  almost  equal'  when  the  bodies  are  derived  from  the  same  type. 
Thus  for  each  addition  of  C,  the  difference  is  from  5*41  to  5*43,  when 
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the  two  bodicK  compared  are  nionatomic,  and  are  derived,  one  from  the 
vrater  type  tt[0,  and  the  other  from  the  hydrogen  type  ^i,  as  is  the 

g.  I  0  j  and  the  hydride  of  acetyl 

(^'^h})'  ethylic  alcohol  (^^'5^"(  o)  and  acetone  (^™f) 

'J'he  dififerences  change  and  vary  between  4-75  and  4'80  when  the 
compounds  are,  one  monatomic  and  the  other  biatomic.  As,  for  instance, 

lactic  acid  (^'"^^^lo')  and   acetic  anhydride  (c^h»o1^)'  ^^^^^ 

I     H»i      )  ^^    propionic  acid  (         jj  i      /' 

These  observations  are  also  applicable  to  bodies  which  diSer,  not  by 
nC,  but  by  nH*  or  by  nO.  It  will  be  seen  that  for  the  same  number  of 
H'  or  0  more  or  less,  the  differences  between  the  refraction-equivalents 
of  monatomic  bodies  are  not  quite  the  same  as  those  of  the  refraction- 
equivalents  of  polyatomic  bodies ;  moreover,  with  bodies  having  great 
specific  refractive  energy,  irregularities  are  observed  which  are  owing 
to  the  disturbing  influence  of  dispersion,  which  influence  may  be  dimi- 
nished  by  replacing  the  index  of  refraction  found  ft  by  the  index 

A  +  B 
deduced  fi-om  Canchy's  formula  /a  =  — ^^ —  ;  but  its  effect  is  still  not 

entirely  removed,  Cauohy's  formula  not  being  perfectly  exact. 

Indices  of  the  Befrcutum  of  the  Elements. 

As  the  refraction-equivalents  of  bodies  whose  formulad  differ  by  nC 
themselves  differ  by  n(4*75-5'43),  and  as  the  differences  correspond- 
ing to  the  increase  of  the  number  of  atoms  of  hydrogen  and  oxygen  are, 
for  nH',  2*66-2-12,  and  for  nO,  3'24-2-45,  let  the  mean  be : 

For  each  C 5*09 

—  H*      .      .      .      .     2-40  thence  for  each  H  -  1-20 

—  0 2-85. 

The  numbere  6  •  09, 1-20,  and  2*85,  respectively  represent  the  refrac- 
tion-equivalent of  carbon,  hydrogen,  and  oxygen. 

These  numbers  may  be  arrived  at  in  another  way  : 

It  has  been  seen  that  the  addition  of  nCH'  raises  the  refraction- 
equivalent  ii7'60.  If  from  the  refinction -equivalent  of  the  acids 
C"11*'0^  which  may  be  represented  by  the  formula  C'H*'*0*,  the  value 
corresponding  to  nCK'  be  subtracted,  there  remains  for  O'  the  (mean) 
number  6,  that  is  to  say  for  O,  the  number  3. 

If,  on  the  other  hand,  from  the  refraction-equivalent  of  the  alcoholtf 
C"H*''^*0,  the  values  corresponding  to  nCH*  and  to  0  be  subtracted, 
there  remains  2*6  for  the  value  of  II'  or  1-30  for  that  of  H. 

The  rofraction-equivalent  of  CIl*,  deduced  from  the  observation  of 
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homologous  series,  being  7*60,  on  deducting  that  of  H* — say  2*60 — ^we 
have  that  of  carbon  =  5.  Landolt  thinks  that  these  latter  numbers  are 
the  moat  correct,  and  he  therefore  adopts : 

For  the  refi*act]on-equiyalent  of  carbon  .      .      .      •     6*00 

—  —  of  hydrogen    .      .      .     1  •  30 

—  —  of  oxygen  .      .      .     •     3*00 

It  would  be  interesting  to  know  whether  the  refraction-eqaiva- 
lents  of  the  same  bodies  in  the  free  state  wonld  be  the  same  as  the  pre- 
ceding. The  data  we  possess  on  this  point  are  unfortunately  not  to  be 
depended  upon ;  bnt  we  know  that  in  the  case  of  the  diamond  its  index 
of  refraction  taken  in  relation  to  the  red  ray  =  2*434  .  .  .  and  its  density 
s=  3'55.  llie  atomic  weight  of  carbon  being  12,  we  get  from  these 
numbers : 

Pn-1        12x2*434-1 


3-56 


=  4-85. 


For  hydrogen,  the  index  of  refraction  in  relation  to  the  red  ray  is 
1  *0001 38,  according  to  Dulong  ;  and  the  density,  according  to  Regnaalt, 
=  006927,  thus  P  =  1.     We  have  therefore : 

Pn-1     Ix  1-000138 

d  0*6927       "^  ^*' 

For  oxygen,  the  index  equals  1*000272,  the  density  1  -10561,  and  the 
atomic  weight  1 6,  thence : 

Pn-1__  16x1-000272 

d  1*10561       -3*04. 

These  numbers  approaching  so  closely  those  deduced  from  the  stndj 
of  organic  compounds,  it  is  very  probable  that  the  refraction-equiva- 
lent of  these  elements  remains  the  same,  whether  they  be  in  the  free 
state  or  in  combination. 


CalddaUon  of  the  Indices  ofBefracHon  of  Bodies  corresponding  to  the  FortMHa 

C'H-O- 
Jrom  the  Indices  of  their  Constiitient  Elements. 

Grailich,  Waifs,  Hoek,  Schrauff,  and  others,  have  given  formulas 
which  enable  us  to  calculate  the  index  of  refraction  of  a  mixture 
of  liquids,  when  the  centesimal  composition  in  volume  and  the  density 
of  this  mixture  are  known,  along  with  the  index  of  refraction  of  each 
of  the  liquids  of  which  the  mixture  is  composed.  Biot  and  Arago  hare 
also  given  the  following  formula  for  calculating  the  index  of  refractioo 
of  mixed  gases : 

N'-l  «•-!  ««._i  „.._i 

-w- ^ -= -T  p + sr  ^' +"rfr" 


'H 
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in  which  N  is  the  index  of  refraction  of  the  mixture,  D  its  density,  P 
its  molecular  weight,  that  is  to  say,  the  mean  of  the  molecular  weights 
of  its  components ;  and  n  dp  the  corresponding  values  of  each  of  these 
components. 

When  applied  to  liquids,  this  formula  becomes : 


N-1-,      n-1       ,n,-l 
—   P=_p  +  -_p, 


Landolt  has  calculated  the  indices  of  refraction  of  several  mixtures 


according  to  the  equation  :  N  = 


n-1        fii-l 
1+-^jP+-^1>i 

1 .  K  has  been  taken 

P+Pi 


relatively  to  the  line  a  of  the  hydrogen  spectrum.  The  results  have 
always  closely  approximated  to  those  furnished  by  experiment,  as  will 
be  seen  from  the  following  table  : 


Kamks  of  Boon& 

1 
Foimd. 

d                       fia 

CalcaUted 

8  methyl-alcohol      ...           96 
1  methyl-flloofaol      ...           88 
Mixture 184 

0*7964             1-3279 
0*8135             1-4057 
0*8038       1       1*3640 

1-3644 

2  ethyl-alcohol  ....           92 
I  amyl-alcohol    ....           88 
Mixture 180 

0*8011       1       1  3605 
0-8135             1*4057 
0*8065             1*3822 

• 
1 *3821 

1  ethyl-alcohol   ....           46 

2  amyl-alcohol    ....         176 
Mixture '      222 

0*8011             1*3605 
0-8135      ,      1*40.57 
0*8104       '       1-3961 

1*3960 

1  acetic  acid 60              1*0518 

1  butyric  acid     ....           88               0*9610 

Mixture 148              0*9930 

1 

1*3706      i 

4-3953 

1  3850      1       1*3847 

1  ethyl-alcohol   ....           46              0  8011             1*3605 
1  formic  acid      .     .     .     .   i        46        1       1*2211             1 -361)3 

Mixture 92              0*9602      t      1*3610             1*3612 

1 

1  benzoic  aldehyd    ...         106              1*0474 
1  formic  acid      ....           46              1*2211 
Mixture 152              1*0876 

1.5391 
1*3693 
1*4900             1-4900 

These  rules  which  are  applicable  to  the  calculation  of  the  index  of 
refraction  of  mixtures  may  also  be  applied  to  that  of  compounds,  as 

M.  Landolt  demonstrates.    The  value  ^— p  of  a  liquid  C"H"0'  entirely 

depends  on  the  empirical  formula,  and  not  at  all  or  veiy  little  on  ihe 
rational  formula. 
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The  equation  then  becomes : 

N-1  _    n— 1  n,-l  ,  «i-l  , 

or 

1'  =  gm  +<7,m,  +  gjn^ 


fi  —  1 
etc.,  the  product  — .—  by  the  atomic  weight  may  be  written  : 

N-1  n-1  n,-l 

etc. 

When  the  values  of  r,  r„  r,,  that  is  to  say,  the  refraction-equiva- 
lents of  the  elements  are  known,  we  may  thence  deduce  the  value  B  of 
a  compound  containing  m  atoms  of  the  first  element,  m,  atoms  of  a 
second,  and  m,  atoms  of  a  third.     Thus  we  have  R  =  iRr-|-miri-f-"Ms « 
which  ife   the  same  as  to  say  that  the   refraction-equivalent   of  the 

N-1 
mixture  — =r—  P  is  equal  to  the  sum  of  the  refraction-equivalents  of 

the  constituent  atoms ;  and  that  it  may  be  calculated  absolutely  in  the 
same  manner  as  the  molecular  weight. 

The  refraction-equivalents  calculated  with  the  index  fjua.  being 
known  for  C,  H,  and  0,  and  being  equal  to  5  for  C,  1'3  for  H,  and  3  for 
0,  the  refraction-equivalents  of  the  liquids  C'H"0"may  be  easily  cal- 
culated. Thus  for  alcohol  C"H*0  we  have :  the  refraction-equivalent  of 
(yWO  =  2(600)  +  6(1-30) -f  1(3-00)  =  20-80,  from  which  N  may  be 

deduced  according  to  the  equation  N  =  1  -}-  p-pfr* 

This  calculation  is  very  simple,  and  serves  to  determine  with  sufficient 
accuracy  the  index  of  refraction  of  many  organic  liquids,  both  mono- 
and  poly-atomic ;  but  it  is  not  applicable  to  bodies  whose  refr^tive 
power  is  very  great. 


Optical  Analysis. 

Landolt  has  found  that  by  means  of  the  specific  refractive  energy 

'—-J — ,  the  centesimal  composition  of  a  liquid  composed  of  two  or  even 
d 

three  elements  may  be  determined. 

He  first  remarked  that  the  value  — y   i^mains  constant  when  the 

a 

temperature  augments  or  diminishes,  n  being  diminished  at  the  same 

time  as  d. 

He  also  established  that  the  relation  between  the  specific  refractive 

energy  of  a  mixture  and' that  of  its  components  maybe  expressed  by  the 
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1^  —  1  41  —  1  W        1 

formula  — =r-  P  =  — -r-  p^ — -=j-  p',  in  which  p  and  jp'  indicate  the  weight 

of  the  components  expressed  in  parta  of  P  the  weight  of  the  mixture ; 

N  — 1 
if  therefore  the  value  — yr —  of  a  mixture  he  determined  at  any  temper- 

n  ^  1  fi'— 1 

ature,  and  if  — .  -  and      „     he  known,  it  is  easy,  when  the  mixture 

only  contains  two  liquids,  to  determine  the  proportion  in  hundredth 
parts,  making  P  =  100.     We  have  the  three  following  equations  : 


Ist. 


lOON-I      »-l      .   n'-l  ,,^^ 


loor^-^   '^'-^ 


d  d' 

3rd.  jp'  =  100-jp. 

In  order  to  verify  this  method,  Landolt  made  the  following  ohserva- 
tions.  The  indices  of  refraction  having  heen  determined  at  20°  in 
relation  to  the  red  line  of  the  hydrogen  spectrum — 

A  first  mixture  was  made  containing  :  ordinary  alcohol     .    .     51-1 

amylic  alcohol     ...     48*9 

and  a  second  mixture  which  contained  :   ethylio  alcohol    .    .    .     20*7 

and  amylic  alcohol     .     70*3 

11— 1 
For  amylic  alcohol  n  =  1-4057,  d  =  0-8135  and  —^  =  0-4987, 

n  —  1 

For  oidinaiy  alcohol  n  =  1-3606,  d  =  0-8011  and  -^  =  0-4501. 

In    the    first    mixture    N   would  equal    1-3822,   D  =  0-8065  and 

\  — 1 

^  =  0-47:8. 

In   the  second   mixture   N   would  equal   1'3961,  D  =  0-8104  and 

^^  =  0-4887. 

These  numbers  give  the  quantity  of  amylic  alcohol  contained  in  the 
two  mixtures,  according  to  the  equations : 


0-4987   -     0-4501 
48-87       -  41-01 


0-4087   -     0-4501 


r-.  =  79-3 
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If  these  numbers  were  subtracted  from  100  to  obtain  the  propor- 
tion of  ethjlio  alcohol,  we  have,  lastly : 

let  mixture.  2nd  mixture. 


'CaIcaUt«d 

True 

GUcolBied 

True 

oompuftition. 

oompoattkn. 

oompoeitioiL 

oompodtfoiu 

Amyl-aloohol    • 

.     48-8 

48-9 

79-4 

79-3 

Ethyl-alcohol    . 

.     61-2 

5M 

20-6 

20-7 

This  analytical  method  is  excellent  whenever  a  mixture  only  con- 
tains two  liquids,  and  may  even  be  extended  to  cases  where  it  con- 
tains three ;  but  the  indices  of  refraction  must  then  be  taken  in  rela- 
tion to  several  lines,  when  errors  in  observation  are  apt  to  occur,  and 
the  results  of  the  analysis  cannot  be  relied  on. 

Though  limited,  the  method  of  optical  analysis  just  described  may 
be  of  much  service.  Great  care  must  be  taken  when  it  is  employed  to 
determine  the  index  of  refraction  and  the  density  at  the  same  temper- 
ature of  one  liquid.  But  the  indices  of  refraction  and  the  densities 
of  different  liquids  maybe  taken  at  different  temperatures,  as  the  value 

— 5—  remains  constant. 

a 

Landdt  has  made  a  series  of  experiments  to  ascertain  what  is  the 
influence  exercised  by  errors  of  observation  on  the  results  of  the 
analysis.  He  determined  n  and  d  at  three  different  times  and  at 
different  temperatures  for  a  mixture  of  chloroform  and  alcohol,  and  for 
each  of  these  liquids  separately.  He  thus  obtained  for  the  refraction- 
equivalents  of  these  three  liquids  numbers  which  differed  indeed,  but 
were  nearly  the  same.  By  combining  these  numbers  he  was  able  to 
form  27  equations.  The  quantity  of  alcohol  found  by  the  mean  result 
of  the^e  27  equations  was  13-02,  the  real  quantity  being  13*11  ;  the 
greatest  deviation  for  alcohol  was  0'26,  and  the  greatest  difference 
between  the  different  analyses  0-32. 

This  analytical  method  gives  results  which  are  the  more  certain  the 

more  the  specific  refractive  energies  — -=-    of  the  two  liquids  mixed 

differ,  and  are  usually  so  exact  that  the  variations  only  affect  the  first 
decimal,  and  are  not  greater  than  thone  which  attend  the  best  analytical 
methods. 

Optical  analysis  has  been  applied  to  the  study  of  the  products  of  a 
fractional  distillation.  A  mixture  of  200  grammes  of  ordinary  alcohol 
and  200  grammes  of  amylic  alcohol  was  divided  into  7  parts,  passing 
over  below  130°  or  132® ;  the  indices  of  refraction  and  the  densities  of 
the  pure  liquids  were  : 

n  a  —J— 

Of  ethylic  alcohol  .      .      1-3620  0-7975  0-4639 

amylic  alcohol    .      .     1-4076  08099  0*5033 
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The  products  of  the  diRtillation  furnished  the  following  results :  the 
weights  of  the  portions  distilled  are  expressed  in  hundredth  parts  of 
the  entire  quantity : 


Portion.     .     . 

1 

2       '       3 

1 

4 

5 

6 

7 

Boiling:  point  . 

80°-90° 

28-5 

1-3680 
0-8003 

0-4598 

90°-100° 

100°-110^ill0°-120° 

1 

120°-130° 

130°-131° 

13ri32° 

Quantity  in  hun- 
dredth parts  of 
the      product 
collected  .     . 

22-5 

12  5 

70 

90 

5-5 

18 

ft   ...     . 
d   ,     .      ,     . 
n-1 

d      '     '     ' 

1-3712 
0-8020 

0-4628 

1 

1-3781 
0-7995 

0-4729 

1-3871 
0-8109 

0-4774 

1-3983  \  1-4054 
0-8060  j  0-8091 

0-4942     0  5011 

1 

1-4075 
0-8094 

0-5032 

Ktbyl-alcohol . 
Amyl-alcohol  . 

88-1 
U-9 

82-0 
18-0 

100-0 

;     61-5 
38-5 

52-4 
47-6 

18-4           4-5 
81-6    ;     95  5 

0-2 
00  8 

100-0 

100-0 

1  1000       100-0 

1 

100-0       1000 

This  example  shows  what  assistance  may  be  rendered  by  optical 
analysis  in  the  study  of  fractional  distillations  ;  it  can  also  be  used  to 
determine  in  what  quantities  two  liquids  are  mixed.  Thus  on  shaking 
water  and  ether  together,  and  then  separating  the  two  layers,  it  will  be 
found  that  the  upper  layer  contains  95*19  parts  of  ether  and  4-1  of 
water,  while  the  lower  layer  contains  8*2  of  ether  and  91-8  of  water. 

Optical  analysis  may  also  be  used  in  the  study  of  diffusion  ;  might  it 

not  also  be  employed  to  stud}'  the  solutions  of  solids  in  liquids? 

n-1 
Dr.  Gladstone's  works  in  relation  to  the  refracting  power  — j—  of  rock 

d 

salt,  solid  and  in  solution,  permit  us  to  hope  that  eventually  this  may 

be  the  case. 

Optical  Analysis  of  Compounds, 

The  formula  used  to  analyze  mixtures  is  also  applicable  to  com- 
pounds, and  should  give  more  correct  results,  since  the  specific  refractive 
energies  of  their  elements  are  known.  As  most  of  ihe  organic  com- 
pounds are  ternary,  it  is  necessary  to  determine  the  indices  of  refraction 
relatively  to  three  lines:  red  a,  green  p,  and  violet  y  of  hydrogen. 
The  following  are  the  values  of  C,  H,  and  O : 

na  — 1  n^— 1  «y  — 1 

'd"  IT  "T" 

C       .      .      .     0-42205  0-43093  0-43738 

H       .      .      .     0-30160  1  31610  1-.31930 

O       .      .      .     0-17280  0-17596  0-17703 

:?  F 
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By  means  of  these  and  of  the  indices  of  refraction  No,  N/?,  and  Xy 
of  a  body  oomposed  of  hydrogen,  carbon,  and  oxygen,  whose  density  D 
is  supposed  to  be  known,  the  centesimal  composition  of  the  body  may 
be  calculated.    In  order  to  understand  the  principle  of  this  calculation, 

let  us  first  place:    100  ^^^  =  A;  lOO^?^^r=B;  100^j^  =  C: 

let  US  call  the  centesimal  proportion  of  the  carbon  w,  that  of  tho 
hydrogen  y,  and  that  of  the  oxygen  z.    \N  e  shal]  have : 

0-42205  «  + 1-30160  y  +  0-17280  «  =  A 
0-43093  »  + 1-31610  y  4- ^'17596  «  =  B 
0-43738  «  4-  1-31930  y  4-017703  «  =  C 

from  which  equation  we  may  ascertain  the  three  unknown  values. 

The  following  examples  show  how  far  this  analytical  method  is 
correct : 

Ethyl-alcohol  C*H«0.—d  =  0-8011,  na=  1-86054,  n)8=  1-36665  and  ny 
=  1-36997;  from  which:  A  =  45-005;  B  =  45*768;  C  =  46-183:  deduc- 
ing  the  centesimal  composition  of  alcohol  from  these  numbers  they 
give  as  the 

OompoiitloD  The  tme  corn- 

found.  poidUon  being 

0     .      .      .     51-9  62-2 

H     .      .      .     12-9  13-0 

O     .      .      .     36-2  34-8 


1010  100-0 


Amyl(ilcohol.—d -=08X35;  iia=  1-40573;  n)8  =  l-41278;  ny  =  l-416S9: 
thence,  A  =  49-874;  B  =  50-741;  C  =  51-24«:  from  which  for  the  cen- 
tesimal composition  we  get — 


c    . 

Compoadtlon 
found. 

.      ,     68-0 

The  trae  cooi- 
posUion  bdng 

68-2 

H    . 

.      ,     13-3 

13  6 

0    . 

.      .     21-9 

18-2 

103-2  1000 

As  will  be  seen,  the  figures  referring  to  carbon  and  hydrogen  are 
sufficiently  exact  The  difference  is  only  great  in  the  case  of  oxygen, 
and  this  is  because  the  specific  refractive  energy  of  this  element  is 
not  well  known. 

The  formula     ^    F  =  —^-p  4--^t-|?i  .  .  .  can  only  be  used  for 

bodies  of  slight  refractive  power. 

If  only  binary  compounds  were  to  be  analyzed,  this  might  be  done 
by  knowing  the  index  of  refraction  relatively  to  a  single  ray  for  (he 
compound  and  for  each  of  its  elements :  in  the  case  of  water  H^,  the 
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specific  refractive  energy  of  oxygen  not  being  well  known,  only 

approximate  results  can  be  obtained :  the  following  is  the  equation 
which  gives  these  results : 

l-30160aj  +  017280(100-aj)  =  33111 

in  which  x  is  the  quantity  of  hydrogen.     This  gives  ass  14  per  100 
instead  of  11*11,  which  is  its  correct  value. 

Figures  more  nearly  approaching  the   truth  are  found   with  the 
liquid  hydrocarbides. 

Tbus,  for  amyleno,  we  have  :  D  =  0-6733  ;  Na  =  1-37061 ;  and  -4^ 
=  0-55044.     Determining  H  by  the  equation  : 


Wo  find 


l-30160»+0-42205(100  -a?)  =  55-044 


* 

The  tnie  oom- 
pofiition  belDg 

c   .    . 

.     85-4 

85-7 

H    .     . 

.      14-6 

14-3 

In  applying  optical  analysis  to  compounds,  the  results  are  more 
correct  the  better  the  specific  refractive  energies  of  their  elements  are 
known.  These  energies  being  as  yet  only  approximately  known,  it 
is  evident  that  this  analytical  method  is  at  present  only  theoretical. 
But  besides  the  possibility  of  its  eventually  becoming  applicable,  its 
theoretical  possibility  shows  relations  of  considerable  importance 
between  the  specific  refractive  energies  and  the  compobition  of  bodies. 


HISTORY  OF  SYNTHESIS  IN  ORGANIC  CHEMISTRY. 

In  chemistry,  analysis  has  long  been  distinguished  from  s^^nthesis. 
By  the  former,  a  given  body  is  separated  into  its  elements;  by 
synthesis,  on  the  contrary,  the  elements  being  given,  the  body  is  recon- 
stituted. 

Previous  to  the  last  twenty-five  years,  organic  chemistry  only  possessed 
the  first  of  these  methods  of  investigation.  Bodies  were  decomposed 
by  d^rees,  by  submitting  them  to  the  action  of  different  agents,  and 
starting  from  a  complex  compound,  its  elements  were  thus  arrived 
at,  passing  through  several  more  simple  intermediate  compounds.  By 
means  of  these  new  compounds  or  of  the  elements,  the  original  body 
was  never  built  up  again.     In  other  words,  synthesis  did  not  exint. 

During  the  last  quarter  of  a  century,  organic  chemistry  has  become 
possessed  of  this  synthetical  meth^jd  so  much  wanted.  In  this  chapter 
we  intend  to  give  an  account  of  the  different  methods  used  for  the 
realization  of  this  important  object.  But  first  it  will  be  well  to  define 
the  meaning  to  be  attached  to  the  word  synthesis. 

8  F  2 


804  PRINCIPLES  OP  CHEMISTRY. 

As  we  have  jtiBt  said,  Bynthesis  is  the  opposite  of  analysis.  By  the 
latter,  a  compound  is  rednced  to  its  elements,  or  at  least  transformed 
into  other  more  simple  compounds ;  by  synthesis,  compound  bodies  are 
formed  directly  from  their  elements,  or,  at  least,  from  compounds  less 
complex  than  themselves.  Briefly,  in  analysis,  the  molecular  com- 
plication is  diminished,  in  synthesis  it  is  increased. 

However,  if  such  an  extensive  acceptation  were  given  to  the  word 
synthesis,  an  entire  volume,  instead  of  a  chapter,  would  here  be 
required ;  we  must  therefore  use  the  term  in  a  more  limited  sense. 

In  fact,  if  we  consider  the  different  reactions  which  increase  the 
molecular  complication  of  bodies,  we  shall  see  that  very  different  cases 
occur,  as  the  following  examples  show. 

If  alcohol  be  submitted  to  the  action  of  sulphuric  acid,  ether  is 
obtained ;  now  the  formula  of  alcohol  is  C*H'0,  and  that  of  ether 
C*ff«0. 

So  if  acetic  acid  acts  on  ethylamine,  acetate  of  ethylamine,  the  empi* 
rical  formula  of  which  is  C^H^NC,  is  obtained,  while  the  formula  of 
acetic  acid  is  OB^O*,  and  that  of  ethylamine  CffN. 

In  the  production  of  acetate  of  ethylamine,  as  in  that  of  ether,  a 
compound  is  formed  the  molecule  of  which  is  more  complicated  than 
that  of  its  generators ;  in  other  words,  a  synthesis  is  accomplished,  if 
the  wider  acceptation  mentioned  above  be  attributed  to  this  word. 

However,  if  the  new  bodies  formed  be  submitted  to  active  reagents, 
and  the  products  which  arise  are  examined,  it  is  observed  that  these  pro- 
ducts are  the  same  as  are  produced  when,  not  the  compounds  obtained 
synthetically,  but  their  generators,  are  submitted  to  the  same  reactions. 

For  instance,  the  action  of  acetic  acid  on  alcohol  gives  acetate  of 
ethyl  and  water,  and  it  is  still  acetate  of  ethyl  and  water  which  are 
formed  when  acetic  acid  is  submitted  to  the  action  of  ether : 

(CWO)      +      (C«H*0«)       =       (C^H'OO      +      (ffO) 

Alcohol.  Acetic  acid.  Acetic  ether.  Water. 

(C^H^^O)       +       2(C«H*0*)       =       2(C*IP0»)       +      (H«0) 

Ether.  Acetic  acid.  Acetic  ether.  Water. 

Analogous  facts  are  observed  with  the  acetate  of  ethylamine. 

It  appears  therefore  that  in  ether,  as  in  acetate  of  ethylamine,  the 
radicles  which  unite  to  form  a  molecule  more  complicated  than  the 
original  one,  remain  in  a  certain  state  of  mutual  independence,  and 
again  separate  under  the  influence  of  suitable  reagents. 

Let  us  now  suppose  that  sodium  and  carbonic  anhydride  act  simul- 
taneously on  phenol,  the  sodic  salt  of  salicylic  acid  would  be  obtained, 
and  a  synthesis  would  thus  be  realized,  since,  starting  from  phenol 
C'H^O,  salicylic  acid  C'H*0"  would  be  prepared. 

This  synthesis  is  Yery  different  from  the  preceding.  In  fact,  though 
in  certain  cases,  under  powerful  influences,  salicylic  acid  can  split  up 
into  phenol  and  carbonic  anhydride,  in  the  greater  number  of  reactions. 
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this  acid  would  give  rise  to  products  entirely  different  from  those  that 
could  be  prepared  from  carbonic  anhydride  or  phenol :  these  deriya- 
tives  would  have  in  reality  about  the  same  complication  as  salicylic 
acid  itself. 

It  will  be  seen  that  there  is  a  great  difference  between  the  two 
kinds  of  syntheses  just  mentioned.  Though,  admitting  that  the 
reactions  of  the  first  class  are  to  some  extent  synthetical,  we  consider 
that  the  name  of  synthesis  should  be  reserved  exclusively  for  the  pro- 
duction of  a  substance  more  complicated  than  its  generators,  and 
capable  of  entering  integrally  into  reactions,  giving  bodies  whose 
molecule  is  about  as  complicated  as  its  own.  In  cases  in  which  a  body 
is  obtained  from  its  elements  or  from  another  body,  itself  prepared 
from  the  elements,  we  say  it  is  chained  entirely  by  synthesis. 

We  owe  one  of  the  earliest  oases  of  organic  synthesis  to  Woehler. 
In  1828  this  chemist  discovered  a  process  by  which  urea  may  be 
prepared  by  means  of  its  elements.  Although  urea  has  not  the 
characters  of  the  cyanates,  it  possesses  the  same  composition  as  the 
cyanate  of  ammonium.  Woehler  has  shown  that  when  a  solution  of 
sulphate  of  ammonium  is  boiled  with  a  solution  of  cyanate  of  potassium, 
and  evaporated  to  dryness,  the  residue  treated  with  alcohol  yields 
urea,  which  may  be  obtained  crystallized  by  the  spontaneous  evapora- 
tion of  the  alcohol :  it  is  evident  that  ammonic  cyanate  is  first  farmed 
in  this  case,  and  is  afterwards  transformed  into  its  isomer  urea : 

PoUMk  cyanate.  Sulphate  of  Urea.  Potaaalc  Bolphate. 

ammoolum. 

Since  then,  about  1845,  Kolbe  made  an  experiment  which  abounded 
in  synthetical  results :  by  causing  dry  chlorine  to  act  on  sulphide  of 
carbon,  he  succeeded  in  replacing  the  sulphur  of  this  compound  by 
chlorine,  and  thus  obtained  the  tetrachloride  of  carbon  CCl^ : 


cs» 

+ 

4CT 

=     cci*     + 

2(SC1») 

Sdlpbide 
ofoarboo. 

CbloTlne. 

TetnKblofide 
of  carbon. 

Chloride  Of 
solpbnr. 

In  the  course  of  the  same  year,  the  same  chemist  succeeded  in  pre- 
paring trichloracetic  acid  by  causing  chlorine  and  water  to  act  simul- 
taneously on  the  protochloride  of  carbon  CCP.  This  reaction  takes 
place  in  two  sta^ ;  in  the  first,  the  protochloride  of  carbon  is  con- 
verted into  sesquichloride,  and  in  the  second,  this  latter  body  is  trana- 
formed  into  hydrochloric  and  trichloracetic  acids : 

(CVV)      +      ci}       =       (Wl*) 

Protochloride  Chlorine.  Seoquichloride 

of  carbon.  of  carbon. 
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(0^.)      +       2(H|0)       .       (<^'S}0)       +      3(H}) 

fiMqulchloride  Water.  Trichloraoetk  Add.  Hydrochloric 

of  carbon.  add. 

As,  moreover,  the  tetrachloride  CCP  gives  protochloride  C*C1*,  when 
its  vapours  are  passed  through  a  red  hot  tube  : 


2(CC1*) 

=       Cl' 

+ 

(c?cio 

Ttrtrnctaloride 

Chlorine. 

Protochloride 

of  carbon. 

of  carbtm. 

the  complete  synthesis  of  trichloracetic  acid  is  accompli 8hed« 

In  1845,  also,  M.  Melsens  discovered  that  nascent  hydrogen,  disen- 
gaged by  means  of  sodium,  possesses  the  property  of  being  substituted 
for  the  chlorine  of  chlorinated  oi^nic  substances,  and  by  this  reaction, 
to  which  he  gave  the  name  of  inverse  substitution,  he  succeeded  in 
converting  trichloracetic  into  acetic  acid : 

TrichloraoetlG  add.  Hjdrogen.  Hydrochloric  Acetic  add. 

add. 

About  the  same  time,  Eolbe,  by  causing  sulphide  of  carbon  to  act,  not 
on  dry  but  on  moist  chlorine,  obtained  a  body  since  called  triohloro- 
mothyl-sulphurous  chloride,  whose  foimula  is  (CC1*S0*).  This  body, 
when  submitted  to  the  action  of  potash,  exchanges  an  atom  of  chlorine 
for  hydroxyl  (OH),  and  furnishes  trichloro-methyl-sulphurous  acid 
(CCPHSO*),  which,  when  decomposed  by  nascent  hydrogen  developed 
by  means  of  galvanism,  gives  bichloro- methyl -sulphurous  acid 
(CCl*H«SO»),  chloro  methyl-sulphurous  acid  (CC1H»S0»),  and  methyl- 
sulphurous  acid  (CH*SO»). 

At  the  end  of  1 845,  chloride  of  carbon,  acetic  acid,  and  the  series 
of  sulphuretted  acids  just  mentioned,  had  been  obtained  by  s^^n- 
thesis ;  and,  further,  having  acetic  acid,  marsh  gas  could  be  prepared 
by  distilling  acetate  of  sodium  with  soda-lime.  However,  this  pre- 
paration was  very  indirect;  but  in  1846,  Melsens  accomplished  the 
synthesis  of  marsh  gas  by  submitting  teti*achIoride  of  carbon  to  inverse 
substitution : 

+      (CH') 

Manbgu. 

From  1846  to  1850,  no  progress  was  made  in  synthesis;  but  in  a 

series  of  experiments  commenced  in   1850  and  terminated  in  1851, 

CH* )  C*H* ) 

Frankland  succeeded  in  preparing  methyl  pTTs/'  and  ethyl  pajTs^  by 

means  of  the  corresponding  alcohols.     To  effect  tiiis,  he  caused  zinc  to 
act  on  the  h3*driodic  ethers  of  these  alcohols.     The  reaction  takes  place 


(CCl*)      + 

HSI)  ■ 

■  <}) 

Tetracblorido 
ofoarbou. 

Hydrogen. 

Hydrochloric 
add. 
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in  two  stages ;  in  the  first,  iodide  of  zinc  is  formed,  and  a  compound  of 
ihia  latter  metal  with  ethyl  or  methyl ;  in  the  second,  this  organo- 
metallic  compound  reacts  with  a  second  molecule  of  the  hy dried ic 
ether  employed,  and  gives  rise  to  the  corresponding  hydrocarbide : 

1st.        ^(^[})    +     2Zn"      ^     (Zn"P)    +    (Zn"jg^ 

Iodide  of  Zinc.  Iodide  of  sine.  Zlno-metbjL 

methyl 

ZinO'DneUijl.  Iodide  of  methyl.  Iodide  of  zinc  Methyl. 

At  the  time  of  this  discovery  it  was  not  considered  as  a  synthesis. 
Formulae  less  hy  half  than  those  by  which  they  are  now  represented 
were  given  to  the  hydrocarbides,  and  the  radicles  CH'  and  C*H*  con- 
tained in  the  iodides  of  methyl  and  ethyl  were  believed  to  be  isolated. 
It  is  true  that  Gerhardt  almost  immediately  showed  that  it  was  neces- 
sary these  formulae  bhould  be  doubled ;  but  while  doing  this,  he  con- 
sidered these  bodies  as  analogous  to  hydrogen,  and  supposed  that  their 
molecules  contained  two  atoms  of  the  same  radicle  in  a  certain  state  of 
mutual  independence.  The  result  was  that,  by  Gerhardt  and  the 
other  chemists  of  this  period,  the  fietct  discovered  by  Frankland  wan 
considered  analogous  to  the  formation  of  compound  ethers,  and  to 
which  we  refuse  the  name  of  synthesis,  according  to  the  limited 
meaning  we  attribute  to  this  word.  The  opinion  which  was  held  at 
the  time  of  Frankland's  discovery  was  retained  up  to  1864,  when 
Schorlemmer,  by  causing  chlorine  to  act  on  free  methyl,  succeeded  in 
substituting  an  atom  of  this  metalloid  for  an  atom  of  hydrogen  : 


((7H«) 

+ 

CI'       = 

=       (HCl)      + 

(CH'Cl) 

MetlqrI. 

Chlorine. 

Hydrocblorlo 
acid. 

Chloride  of 
ethyl. 

and  thus  transforming  methyl  into  chloride  of  ethyl,  from  which  he 
prepared  ordinary  alcohoL 

Therefore,  starting  from  methyl  prepared  by  means  of  wood-spirit 
Cn*0,  alcohol  CWO  is  obtained  by  a  true  synthesis. 

There  are  still  chemists  who  believe  that  methyl  and  free  ethyl 
contain  two  independent  groups,  and  that  these  two  groups  only  unite 
in  an  intimate  manner  under  the  influence  of  chloiine.  However  this 
may  be,  as  in  every  synthesis  we  must  look  to  the  commencement  and 
the  conclusion,  Frankland's  reaction  is  synthetical.  For  if  it  were  not 
so  itself,  it  would  enable  a  bynthesis  to  be  realized  by  causing  chlorine 
to  act  on  the  product  obtained. 

Frankland's  reaction  is  especially  important  on  account  of  its  general 
application.  This  chemist  has  in  fact  obtained,  not  only  methyl  and 
ethyl  by  means  of  the  process  just  mentioned,  but  aUo  the  radicles 
of  other  alcohols,  amyl  for  instance,  and  Schorlemmer  has  shown,  on  the 
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other  hand,  that  all  these  radicles  can  give  rise  to  the  same  phenomena 
as  methyl. 

It  will  therefore  be  seen  that  if,  starting  from  methylic  alcohol,  we 
can  go  up  to  ethylic  alcohol,  from  the  latter  ethyl  C*IF^  and  conse- 
quently butylic  alcohol  C*ff •O,  may  he  prepared  ;  then,  by  means  of 
this  latter,  butyl  C«H  ^  and  octylic  aU-ohol  C'H^'O,  eta 

By  means  of  this  reaction,  we  rise  therefore  in  the  homologous 
series,  of  which  however  it  does  not  give  us  all  the  terms ;  there  would 
remain  the  intermediate  alcohols  C'HK),  C*ir«0,  C«H"0,  and  CTI'^O, 
which  could  not  be  obtained  synthetically.  Fortunately,  in  1855,  to 
complete  Frankland's  discovery,  M.  Wurtz  succeeded  in  preparing  all 
the  series  of  the  analogous  hydrocarbides,  which  renders  the  synthetical 
process  in  question  quite  general.  He»called  the  intermediate  hydro - 
carbides  he  obtained  mixed  radicles,  and  prepared  them  by  causing 
sodium  to  act  on  a  mixture  of  the  iodide  of  one  &1cohol  radicle  ivith 

CIP  ) 
that  of  another.     He  thus  prepared  methyl-ethyl  rnzis}  =  CTI*,  inter- 
mediate between  methyl  C*H*  and  ethyl  C*H*" : 

t]  +  n\)  +  (T!)  -  ^^.}  +  K"!!) 

tiudiuni.  Iodide  of  eUiyL  Iodide  of  Kdiyl-mrthyL  Iodide  of 

inelbyL  sodium. 

Having  the  chloride  of  methyl,  the  homologous  hydrocarbides 
C^*,  C*H'  ....  C*H*»+"  may  be  prepared,  and  by  means  of  these  the 

corresponding  alcohols  C^^O,  C»H*0 C'H'-n).     The  synthetical 

preparation  of  the  chloiide  of  methyl,  therefore,  renders  all  the  syntheses 
in  question  complete. 

It  has  long  been  known  that  marsh  gas  exchanges  an  atom  of  h^'dro- 
gen  for  chlorine  when  it  is  submitted  to  the  action  of  this  metalloid  : 
in  those  conditions  a  compound  (CH'Cl)  is  formed  identical  or  isomeric 
with  the  chloride  of  methyl.  If  it  could  be  shown  that  those  two 
bodies  are  identical,  or  at  least  that  under  the  influence  of  powerful  re- 
agents they  give  the  same  products  of  decomposition,  it  would  be  proved 
that  the  series  of  syntheses  just  treated  of  are  complete  syntheses 
M.  Borthelot  has  furnished  this  proof:  in  1855  he  succeeded  in  trans- 
foiming  monochlorinated  marsh  gas  into  acetate  of  methyl,  by  means 
of  acetate  of  silver,  and  he  then  saponified  the  acetate  thus  produced : 
this  is  the  method  afterwai-ds  employed  by  Schorlemmer  to  transform 
methyl  into  alcohol : 

COH^O    +    (™;^(o)     .     ^}    +    («"^(o) 

Moiiocliiorioatod  Aoetate  of  silver.  Chloride  Acetate  of  methyL 

mArab  gaa.  of  silver. 

C^H  +  (SJo)  -  C™?!")  +  (T}o) 

AocUte  of  methyl  l^otaasic  Potasaic  aceUte.  Methyllc  alcohol. 

hydrate. 


(CJ«H*Br) 

+    (Cn'Br) 

+     Na«     = 

'•     2(NaBr) 

+ 

Bromhiated 

Bromide  of 

Sodium. 

Bromide  of 

benzine. 

methyL 

Bodiam. 
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We  must  here  bear  in  mind  that  to  each  aloohol  there  corresponds 
an  acid  derived  from  it  by  the  substitution  of  O  for  H*,  and  an  aldehyd 
derived  by  the  simple  subtraction  of  H'.  Considering  that  from  an 
alcohol  a  series  of  bodies  such  as  simple  ethers,  compound  ethers, 
ethers  proper,  etc.,  may  be  obtained,  we  perceive  that  the  process  just 
described  furnishes  the  means  of  accomplishing  the  synthesis  of  a  great 
number  of  compounds  belonging  to  the  series  of  &tty  acids.  These  are 
moreover  far  from  being  the  only  ones  that  may  be  obtained,  the 
method  having  recently  been  extended  to  the  aromatic  series. 

In  the  course  of  1864  and  1865  MM.  Fittig  and  Tollens  obtained 
synthetically  the  homologues  already  known  of  benzine,  toluene  CH^ 
xylene  C*H",  etc. ;  they  moreover  obtained  new  hydrocarbides  of  the 
same  series,  one  of  which  is  an  isomer  of  xylene.  The  process  of 
these  chemists  is  the  same  as  that  by  which  Wurtz  prepared  mixed 
radicles,  and  consists  in  causing  brominated  benzine  or  toluene  to  act 
on  the  iodide  of  ethyl,  methyl,  or  of  amyl  in  presence  of  sodium.  The 
sodium  seizes  the  iodine  and  bromine,  and  the  two  residues  unite  to 
form  a  new  hydrocarbide  : 

(C^H-) 

Toluene. 

MM.  Fittig  and  Tollens  have  remarked  that  it  is  not  a  matter  of 
indifference  whether  bromide  of  ethyl  be  made  to  act  on  monobromi- 
nated  benzine  or  the  bromide  of  methyl  on  mouobrominated  toluene ; 
in  fact,  in  the  two  cases  two  bodies  are  formed  which  are  isomeric  but 
not  identical. 

The  hydrocarbides  homologous  with  benzine  act  the  same  part  in  the 
aromatic  series  as  marsh  gas  and  its  homologues  perform  in  the  fatty 
series,  and  the  same  methods  by  which  these  latter  are  transformed 
into  corresponding  alcohols  enable  true  aromatic  alcohols  to  be  pre- 
pared from  the  former. 

The  experiment  has  been  performed  with  toluene,  which  M.  Canniz- 
zaro  transformed  into  benzilio  alcohol.  To  effect  this,  he  submitted 
toluene  to  the  action  of  chlorine,  then  boiled  the  monochlorinated 
toluene  with  an  alcoholic  solution  of  acetate  of  potassium,  and  finally 
saponified  the  acetate  of  benzoyl  obtained  in  this  latter  reaction  : 

Ist.  (C^H»)     +     CI*     =     (C'IPCl)     +     (IICl) 

Toluene.  Cblorioa.         Monocblorinatcd  RydrocUoric 

tolneDe^  add. 

..a.  (CT,.c.)  +  f-B^J  o)    =    ^,)   +  C^;  o) 

MooocblorfaiAtod  PotMftic  acetate.  Chloride  of  Acetate  of  benxojL 

toluene.  poCawiiun. 

"■rc?S(0)    +     (^(O)     .     fH^lo)     +     f«'}0) 

AcettttfP  of  beatoyL  IVtaa»4c  rotawic  acetate.  Bentoic 

bydrate.  aloohoL 
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All  these  are  complete  real  syntheses,  thej  all  start  from  benzine, 
and  in  1858  Berthelot  observed  that  this  hydrocarbide  is  prodnced, 
along  with  naphthalin  and  several  other  sabstanoes,  v^hen  a  carrent  of 
the  vapour  of  aloohol  is  passed  through  a  red-hot  porcelain  tube. 
Therefore,  as  alcohol  can  be  obtained  by  pure  synthesis,  so  also,  we  may 
consider,  can  benzine  and  its  derivatives. 

In  1858  Berthelot  succeeded  in  preparing  synthetically  marsh  gas 
and  some  other  more  complicated  carbides  of  hydrogen.  His  proceaa 
is  less  elegant  than  those  since  discovered ;  but,  except  in  the  case  of 
marsh  gas  which  had  been  already  prepared  by  means  of  the  chloride 
of  carbon,  it  had  the  merit  of  novelty.  Berthelot  accomplished  these 
syntheses  by  three  different  methods. 

1st  He  heated  flaskn  containing  oxide  of  carbon  and  caustic  potash 
for  several  days  to  100^ ;  the  two  bodies  combined,  forming  potaaaic 
foimiate,  from  which  formic  acid  was  extracted : 


CO 

Oxide  of 
ciirbon. 


+     dfo) 

Potaoio 
hydrate. 


Potaaric  formiftte. 


Formic  acid  in  vapour,  passed  through  a  red-hot  tube,  gives  rise  to 
a  very  complicated  reaction  in  which  mai'sh  gas  and  ethylene  are 
firmed,  which  are  thus  prepared  synthetically. 

By  causing  ethylene  to  act  on  sulphuric  acid,  the  apparatus  being 
well  bhaken,  M.  Berthelot  succeeded  in  combining  these  two  bodies 
directly,  and  thus  produced  sulphovinic  acid.  When  this  latter  is 
distilled  with  water  it  furnishes  alcohol : 


(C*H*) 

Ethylene. 


+ 


m  0-) 


Solphorlc  add. 


/SO"')     \ 

Sulphovinic  acid. 


(g|:|o.)  +  (H}o)  = 


Sulphovintc  acid. 


Water. 


Solphinic  add. 


+ 


(T(  o) 


H 

Alcohol. 


This  alcohol,  being  identical  with  ordinary  alcohol,  may  bo  trans- 
formed into  acetic  acid  without  difficulty.  M.  Berthelot  observed 
that  on  passing  through  a  red-hot  tube,  acetic  acid  is  transformed  into  a 
great  number  of  hydrocarbides,  among  which  are  found  marsh  gas  CH*, 
ethylene  CH*,  propylene  C^H*,  butylene  C*n*,  and  amylene  C*H*®  ; 
all  therefore  obtained  by  pure  synthesis. 

2nd.  When  a  mixture  of  sulphuretted  hydrogen  and  sulphide  of 
carbon  in  vapour  is  transmitted  over  red-hot  copper,  this  latter  seizes  the 
Biilphur,  while  the  hj'drogen  and  carbon  meeting  in  the  nascent  state 
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enter  into  combination,  and  give  rise  to  the  foimation  of  the  hydro- 
carbides  ab-eady  obtained  by  the  preceding  process. 

3rd.  M.  Berthelot  has  also  succeeded  in  causing  the  hydrocarbides 
of  the  series  of  ethylene  to  pass  into  those  of  the  series  of  maruh-gas. 
To  effect  this,  he  combines  ethylene  or  its  homologues  with  bromine* 
which  is  easily  done,  and  he  then  heats  the  bromido  to  200°  in  a 
sealed  tube,  with  water  and  potassio  iodide.  Under  these  conditions 
the  bromide  is  decomposed,  and  while  one  part  of  the  original  h3'dro- 
carbide  is  re-formed,  another  combines  with  two  atoms  of  hydrogen 
arising  from  a  more  complete  decomposition  of  a  third  portion  of  the 
mass,  and  furnishes  the  hydrocarbides  sought  for  : 

(C«H*")     +     H«     =     (C*H«) 

Ethylene.  Hydrogen.  Hydride 

ofethyL 

(C*H"")      +      H»       =       (C*H«) 

Amylene.  Hydrogen.  Hydride 

of  umyl. 

4th.  Lastly,  M.  Berthelot  has  observed  that,  under  the  influence  of  a 
powerful  electric  current,  pure  carbon  combines  with  hydrogen  and 
furuibhes  acetylene  C'H',  which  gas  gives,  with  ammoniacal  pi'oto- 
chloride  of  copper,  a  precipitate  from  which  it  may  afterwards  be 
isolated  in  a  pure  state  by  means  of  hydrochloric  acid.  If,  instead  of 
hydrochloric  acid,  nascent  hydrogen  disengaged  by  the  action  of  zinc 
on  ammonia  at  40°  be  caused  to  act  on  the  precipitate,  the  acetyleno 
unites  with  two  atoms  of  hydrogen,  and  ethylene  is  thus  obtaiped, 
which  in  its  turn,  as  we  have  just  said,  can  be  transformed  into  hydride 
of  ethyl : 

(C*H*)    +     H«     =     (C»H*) 

Acetylene.  Hydrogen.  Ethylene. 

M.  Berthelot,  having  obtained  methylic  alcohol  by  means  of  marsh 
gas,  and  having  prepared  the  homologues  of  ethylene  as  £str  as  amylene, 
had  therefore  realized  the  synthesis  of  the  corresponding  alcohols. 
But  as  ethylene  and  its  homologues  cannot  be  transformed  into  satu- 
rated hydrocarbides  without  a  great  loss  of  the  product,  M.  Berthelot 
wished  to  transform  these  hydrocarbides  directly  into  alcohols  without 
passing  through  the  corresponding  saturated  terms.  He  succeeded 
perfectly  with  ethylene  and  propylene,  employing  sulphuric  acid  as 
before  mentioned ;  but  this  process  was  not  so  successful  in  the  cases 
of  butylene  and  amylene.  M.  Berthelot  therefore  operated  in  a  differ- 
ent manner ;  he  heated  the  hydrocarbide  he  wished  to  transform  into 
alcohol  with  concentrated  hydrobromic  or  hydrochloric  acid,  whereby 
a  hydrobromic  ether  was  formed,  from  which  the  corresponding 
alcohol  could  be  readily  obtained  by  submitting  this  ether  to  the  action 
of  acetate  of  silver,  and  saponifying  by  potash  the  acctio  ether  resulting 
from  this  latter  reaction : 
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iBt. 


(CH*") 

likhylene. 


+ 


H 

I 


! 


Hyvlriodlc 
acid. 


2nd.     (CH'I)     +    (^'^A^fo)     = 


Iodide  or 


AoeUfte  of  ailver. 


3nL   (^.]  0)    +    (g }  0)     = 


(C^*I) 

Iodide  of 
eihyL 

Iodide  of  Acetate  of  etliyL 

bUtot. 


Acetate  of  ethyl. 


POtailL 


Potaoslc  acetate. 


H 

AlojhoL 


After  having  verified,  in  the  case  of  ethylene,  the  identity  of  the 
alcohol  obtained  by  this  process  with  that  obtained  by  fennentation, 
and  having  also  proved  that  butylene  and  amylene  unite  witii  hj- 
driodic  acid,  just  as  ethylene  and  propylene  do,  M.  Berthelot,  from 
analogy,  thought  that  butylic  and  amylic  alcohols  prepared  by  his 
method  would  be  identical  with  those  of  fermentation,  bat  he  did  not 
verify  this.  M.  Wurtz,  however,  in  1862  showed  that  amylio  alcohol 
prepared  by  Berthelot's  method  is  simply  an  isomer  of  ordinary  amylic 
alcohol,  for  which  reason  Wurtz  calls  the  first  of  these  bodies  amylic 
pseudo>alcohol. 

So  far,  in  all  the  syntheses  mentioned,  the  starting-point  has  always 
been  the  formation  of  hydrocai bides,  by  means  of  which  alcohols, 
aldehyds,  acids,  ethers,  compound  ammonias,  etc.,  are  then  obtained. 

But  we  can,  nevertheless,  ascend  a  homologous  series  in  an  inverse 
manner.  For  instance,  we  can  pass  from  a  term  of  one  series  to  the 
acid  of  a  higher  series.  Then,  by  means  of  this  acid,  we  can  prepare 
the  homologue  of  the  body  from  which  we  started,  and  then  take  this 
new  body  as  starting-point  in  order  to  obtain  a  third  series,  homolo- 
gous with  the  two  others,  and  so  on. 

The  compounds  with  which  we  usually  commence  are  the  alcohols. 
Taking  methylic  alcohol,  for  instance,  acetic  acid,  the  acid  of  the  next 
higher  series,  must  be  prepared^  we  then  pass  from  acetic  acid  to 
ethylic  alcohol,  the  homologue.  of  methylic  alcohol ;  and  in  the  third 
place  from  ethylic  alcohol,  by  means  of  propionic  acid,  to  propylic 
alcohol,  and  so  on. 

The  experiments  of  M.  Pelouze  had  long  shown  that,  under  the 
influence  of  hydrating  agents,  hydrocyemic  acid  absorbs  two  molecules 
of  water,  and  is  converted  into  formiate  of  ammonium,  or,  rather,  into 
the  products  of  the  decomposition  of  this  salt  by  the  reagents  employed. 
Thus,  when  potash  is  used,  potassic  formiate  and  ammonia  are  formed : 


(CNH) 

HyditxTanlc 
add. 


+ 


(ll») 


Water. 


AmmoDic  fonniale. 


Later,  in  1847,  MM.  Dumas,  Malaguti,  and  Leblanc  discovered  that 
a  reaction  identical  with  the  preceding  is  produced  when  the  hydro- 
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cyanic  ethers  of  the  Beries  (C"H*'"*"')CN  are  substituted  for  hydrocyanic 
acid.  These  ethers,  nnder  the  influence  of  alkalies,  unite  with  the 
elements  of  wat-er,  and  furnish  ammonia,  together  with  the  alkaline  salt 
of  an  acid  of  the  series  C"H*'0*.  Thus,  commencing  with  the  cyanide 
of  mefhyl,  acetic  acid  is  obtained,  and,  with  the  c^^anide  of  ethyl,  pro- 
pionic acid  is  prepared : 


1st. 


{ 


CTP\ 


cyanide  of 
metbjl. 


+ 


{S}o) 

Caustic  potash. 


+ 


(st°)  =  HsD 


Water. 


PotasKic 
acetati^. 


+ 


2nd 


CjuiUeottO>j}. 


+ 


(5(0) 

Oanstic 


+ 


(si») '  hi:) 


Water 


Pbtasslc 
propionate. 


+ 


In  order  to  complete  the  process,  it  was  only  necessary  to  cause  the 
acids  to  pass  into  the  corresponding  alcohols,  and  this  has  been  done 
by  first  transforming  the  acids  into  corresponding  aldchyds  by  sub- 
tracting an  atom  of  oxygen,  and  then  fixing  two  atoms  of  hydrogen  on 
these  aldehyds,  thereby  transforming  them  into  alcohols. 

In  1856  Piria  and  Limpricht  separately  discovered  an  identical  pro- 
cess for  the  transformation  of  monatomio  acids  into  their  correspond- 
ing aldehydSy  which  succeeds  equally  well  in  all  the  different 
series. 

In  the  course  of  the  same  year  Kolbe  gave  a  different  method  of 
arriving  at  the  same  result,  but  as  yet  this  has  only  been  applied  in 
the  aromatic  series. 

Limpricht  and  Piria*s  process  consists  in  distilling  an  intimate 
mixture  of  the  calcic  salt  of  the  acid  whose  aldehyd  is  to  be  obtained 
with  formiate  of  calcium.  The  carbon  and  oxygen  of  the  formiate  are 
disengaged  in  the  state  of  carbonic  anhydride,  which  seizes  the  calcium 
contained  in  the  formiate  and  in  the  other  salt  At  the  same  time  an 
atom  of  oxygen  of  this  latter  salt  is  also  eliminated  in  the  state  of  car> 
bonate  of  calcium,  while  the  hydrc^n  set  free  by  the  decomposition  of 
the  formiate,  unites  with  the  residue  of  the  deoxygenized  salt  and 
transforms  it  into  aldehyd : 
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/ 


c 


(U 
0 

o 


c 


is 


Calcic  fonnUie. 


+ 


fCBP 
O 
0 


(CH* 


Ca" 


)- 


Ca" 


) 


Galdc  Mxtate. 


OUclc  carbooatr. 


+     2 


Aldehyd. 


Kolbe's  process  consists  in  causing  nascent  hydrogen  to  act  on  the 
cyanide  of  an  acid  radicle,  which  is  itself  prepared  by  heating  the 
chloride  of  this  radicle  with  cyanide  of  silver  or  of  mercury : 


Chloride  of 
bensoyL 


+ 


CN 

Ag 


I    = 


Cyanide  qS 
Bilyer. 


Ag) 
Clf 

Chloride 
of  silver. 


+ 


/CTH'OIX 


Qyanideof 
\>etaayL 


/CH'OA 

cNf; 

Qranldeof 
oeiuoyL 


(. 


H 

H 

Hydrogen. 


( 


HydrocTaolc 
acid. 


+ 


Benzoic  akl<*bjd. 


Recently,  M.  Lippemann  has  rendered  this  method  still  more  direct 
He  has  prepared  benzoic  aldehyd  by  causing  nascent  hydrogen  dis- 
engaged by  means  of  sodium  amalgam  and  a  current  of  perfectly  dry 
gaseous  hydrochloric  acid  to  act  on  the  chloride  of  benzoyl.  The 
hydrochloric  acid  mast  be  perfectly  dr3%  as  the  chloride  of  benzoyl  is 
decomposed  by  water.  This  reaction  does  not  succeed  either  with 
chloride  of  acetyl  or  chloride  of  suocinyl. 

We  must  add  that  M.  Ghiozza  had  long  before  obtained  benzoic 
aldehyd  by  the  action  of  the  chloride  of  benzoj'l  on  the  hydride  of 
copper,  which  process,  however,  yields  such  a  small  quantity  of  the 
product  that  it  was  impossible  to  collect  sufficient  for  the  purpose  of 
analysis : 


Chloride  of  benzoyl 


Hydride  of 
copper. 


Benioic  aldcbyd. 


CDprooi 
rjilorMf, 


In  order  to  be  able  to  ascend  the  homologous  series,  it  yet  remained 
to  transform  aldehyds  into  alcohols.  This  problem  was  solved  in  1853 
by  M.  Cannizzaro,  in  the  case  of  the  aromatic  series.  This  chemist 
showed  that,  in  presence  of  an  alcoholic  solution  of  potash,  the  ei>sential 
oil  of  bitter  almonds  (benzoic  aldehyd)  is  transformed  into  potassic 
benzoate  and  benzoic  alcohol : 
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^{c-{c{o)  +  S}o   =   (c-{cjo^)  +  (<^{c{g-) 

Benzoic  aUebyd.  I\>tafth.  Pbtassic  benzoatp.  Benzoic  alcohoL 

Later,  in  1856,  Kraut  found  that  this  reaction  is  also  produced  with 
ouminic  aldehyd.  But  this  process  was  not  general:  when  treated 
with  an  alcoholic  solution  of  potash,  Ihe  fatty  aldehyds  become  resinous 
without  furnishing  the  least  trace  of  the  corresponding  alcohol. 

In  1861,  Fittig  somewhat  modified  this  method  and  rendered  it 
applicable  to  the  series  of  fatty  acids.  His  modification  consists  in 
substituting  hydrate  of  calcium  for  the  alcoholic  solution  of  potash, 
and  he  thus  succeeded  in  transforming  oBnanthylic  aldehyd  into 
heptylio  alcohoL  In  1862,  Friedel  converted  benzoic  aldehyd  info 
benzoic  alcohol,  and  M.  Wurtz  converted  ordinary  aldehyd  into  vinic 
alcohol  by  means  of  nascent  hydrogen  developed  by  acidulated  water 
and  sodium  amalgam*  Friedel  found  that  this  process  succeeds  with 
acetones  and  gives  secondary  alcohols. 

The  problem  which  consisted  in  ascendmg  from  a  given  term  to  a 
higher  homologous  term  was  thus  solved  in  the  fatty  series,  but  this 
was  not  the  case  in  the  aromatic  series. 

M.  Cannizzaro  having  succeeded  in  preparing  an  acid  presenting  the 
composition  C?EHy  by  causing  an  alcoholic  solution  of  potash  to  act 
on  cyanide  of  benzoyl,  perceived  that  this  acid  is  not  identical,  but 
simply  isomeric  with  Noad's  toluic  acid  obtained  by  the  oxidation  of 
cymene :  he  moreover  found  that  of  these  two  acids  it  is  that  of  Noad 
which  is  the  true  homologue  of  benzoic  acid.  In  reality,  this  acid 
furnishes  an  aldehyd  and  an  alcohol  which  are  analogous  in  all  points 
to  benzoic  aldehyd  and  alcohol,  while  the  acid  obtained  by  means  of 
the  cyanide  furnishes  an  aldehyd  which  has  a  great  tendency  to 
become  resinous,  and  which  is  never  transformed  into  an  alcohol. 

In  the  fatty  series,  there  are  several  other  methods  by  which,  start-  . 
ing  from  one  senesythe  acid  of  the  higher  series  can  be  obtained. 
One  of  the  most  important  of  these  methods  is  that  discovered  by 
Wanklyn  in  1858.  It  consists  in  preparing  a  combination  of  sodium 
with  an  alcohol  radicle,  and  causing  carbonic  anhydride  to  act  on  this 
compound :  direct  atldition  takes  place,  and  a  sodic  salt  is  formed,  from 
which  the  acid  may  then  easily  be  procured : 


(Tf)  +  (c{8)  • 

\     [ONa/ 

Sodium-                            Carbonic 
ethyL                           anhydride. 

Sodic  pTopioDut\ 

fs:i)  +  («{8)  - 

^  HsI) 

Sodlom-                          Carbonic 
luitbyL                         anhydride. 

Sudic  noctalc. 
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This  method  appears  to  be  pretty  general,  especially  since  Frankland 
has  shown  that  ^e  sodic  compounds  of  the  radicles  of  all  the  fatty 
alcohols  may  be  obtained  by  submitting  to  the  action  of  sodium  the 
compounds  of  these  radicles  with  mercury,  which  compounds  are 
easily  obtained.  Frankland's  process  may  perhaps  become  usefal  in 
the  aromatic  series,  in  which  at  present  no  one  has  succeeded  in  com- 
bining the  alcohol  radicles  with  sodium. 

The  synthetic  method  discovered  by  Wanklyn  has  not  been  txied 
in  the  aromatic  series ;  but  M.  Hamitz-Hamitzky  discovered  one  in 
1864,  in  operating  on  this  series ;  and  in  1865  this  chemist  showed 
that  it  also  extends  to  the  synthesis  of  fatty  acids,  and  is  generally 
applicable. 

M.  Hamitz-Hamitztsky's  method  is  founded  on  the  action  exercised 
by  the  oxychloride  of  carbon  on  marsh  gas  and  its  homologues,  and  on 
benzine  and  its  homologues.  In  this  case  double  decomposition  takes 
place  in  which  a  molecule  of  hydrochloric  acid  is  produced,  while  the 
two  residues  unite,  forming  an  acid  chloride.  This  chloride,  when 
treated  by  water,  exchanges  its  chlorine  for  hydroxyl,  and  is  trans- 
formed into  the  acid  sought  for  : 

■ 

1st      (CH.)      +      (C{gp)      =       H}      +      (^{c{gj) 


Benzine. 


Oxychloride 
of  carbon. 


HydrochlcHic 
add. 


Chloride  of  benzoyl. 


2nd 


■  («-|c{g,)  +  (SJo)   .   S)  +  HcjoJ 


Chloride  of  benzoyL 


Wat<T. 


Hydrochloric 
add. 


Benzoic  acid. 


M.  Hamitz-Hamitzky  having  onl}'  accomplished  in  the  aromatic 
series  the  synthenis  of  benzoic  acid,  which  acid  cannot  have  any  isomer, 
it  is  not  known  whether,  in  the  higher  series,  it  would  give  the  true 
homologues  of  benzoic  acid,  or  acids  identical  with  those  derived  from 
the  aromatic  hydrocyanic  ethers.  It  is  very  probable  that  the  latter 
would  be  the  case. 

We  did  not  therefoi*e  possess  any  method  by  which  we  could  ascend 
directly  from  benzoic  acid  to  its  true  homologues,  when  M.  K^kul^ 
published  one  in  1866. 

His  method  consists  in  causing  sodium  and  carbonic  anhydride  to 
act  simultaneously  with  the  aid  of  heat  on  the  monobrominated  deri- 
vatives, made  in  the  cold,  of  benzine  and  its  homologues : 


(^'{!l)  +  ^'^  +  n:}  =  £}  + 


Toluene. 


Carbonic 
anhydride. 


Sodium. 


Bromide 
of  sodium. 
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The  results  obtained  by  M.  K6kiil^  will  be  readily  undei-stood  if  it  be 
borne  in  mind  that  in  the  monobrominated  derivatives  of  the  ai'omatic 
hydrocarbides  made  in  the  cold,  the  bromine  is  substituted  for  the 
hydrogen  of  the  principal  chain  ;  a  natural  consequence  of  this  is  that 
the  group  CO^  is  also  substituted  for  the  hydrogen  of  the  principal 
chain  (and  this  characterizes  the  true  homologues  of  benzoic  acid), 
instead  of  being  substituted  for  the  hydrogen  of  a  lateral  chain,  as  is 
the  case  with  the  acids  obtained  by  means  of  the  cyanides. 

In  the  course  of  1865,  Messrs.  Frankland  and  Duppa  discovered  a 
very  elegant  reaction  by  which  acetic  acid  can  be  transformed  directly 
into  its  higher  homologues.  For  this  purpose,  they  cause  sodium  to  act 
on  acetate  of  ethyl :  the  sodium  is  substituted  for  one  or  for  two  atoms 
of  hydrogen  of  the  radicle  acetyl,  and  on  causing  iodide  of  methyl 
or  of  ethyl  to  act  on  the  mono-  or  di-sodic  product  thus  prepared,  sodic 
iodide,  and  the  ethylic  ethers  of  the  different  acids  homologues  of 
acetic  acid,  are  obtained : 


0<     [B. 
PC!»H'/ 

Aoetote  of  ethyl. 


+ 


+ 


Na  1 


Sodinm. 


Na 
Na 


I  - 


Sodiom. 


21  + 

Hydrogen. 


H|       + 


Hydrogen. 


OC»H» 

Sodaoetic  ether. 


Disodaoetic  ether. 


Sodaoetk  ether. 


C 


0 


H 

Na 

Na 


0 
OO'fl* 

DlaodaMtlc  ether. 


+    ( 


+ 


Iodide  of  ethyl. 


Iodide  of  methyl. 


N., 


Iodide  of 
MMUiim. 


.(«=;()  .  ,(";() 


Sodlo  iodide. 


+ 


-f- 


/ 

Butyrate  (ethacetate) 
of  ethyl 


Bntyrate  (dimeth- 
•cetate)  of  eiliyL 


0 


0 


0 
pCH'i 

DiMdMetle  ether. 


+     2 


/(?H» 


I)  =  »C?I) 


Iodide  of  ethyt 


Iodide  of 
iodiam. 


+ 


CapTMle  (dietb- 
aoetate)  of  ethyL 
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It  will  be  seen  that  acids  of  the  same  centesimal  compoeation  are 
formed  whether  one  atom  of  ethyl  be  snbstitated  for  one  of  hydrogen, 
or  two  of  methyl  for  two  of  hydrogen,  in  acetic  ether.  It  is  very 
probable  that  these  acids  are  only  isomers,  and  this  is  an  interesting 
question  which  Dr.  Frankland  proposes  to  decide,  hoping  also  to  be 
able  to  generalise  his  process  by  employing  it  in  the  aromatic  series. 

So  far  we  have  seen  in  what  manner  the  synthesis  of  monatomic 
hydrocarbides,  alcohols,  aldehyds,  and  acids  is  accomplished,  bat  ^we 
have  not  yet  spoken  of  the  synthesis  of  polyatomic  componnd& 

We  may  imagine  two  synthetic  methods  for  these,  one  of  -which 
would  consist  in  preparing  the  polyatomic  compounds  of  a  series  by 
means  of  the  monatomic  compounds  of  the  same  series ;  the  second,  on 
the  contrary,  would  consist  in  preparing  the  polyatomic  compoonds  of 
a  series  by  means  of  the  polyatomic  compounds  of  a  lower  series. 
Processes  exist  corresponding  to  each  of  these  methods.  But  if  w^e 
wish  to  ascend  a  homologous  series  from  one  end  to  the  other,  it  is 
always  necessary  to  use  the  monatomic  compounds.  Withont  this,  in 
the  series  of  the  fatty  acids  at  least,  the  synthesis  is  interrupted,  as  it  is 
not  yet  known  how  to  pass  from  a  polyatomic  acid  of  this  series  to  the 
corresponding  alcohol. 

Biatomic  alcohols  have  only  as  yet  been  prepared  in  the  fatty  series: 
two  synthetic  processes  may  be  used  to  obtain  them. 

The  most  important  of  these  was  discovered  by  Wurtz  in  1859,  and 
consists  in  combining  ethylene  or  one  of  its  homologues  with  bromine 
or  iodine,  and  then  causing  acetate  of  silver  or  of  potassium  to  act 
on  the  bromide  or  iodide  thus  obtained :  two  atoms  of  oxacetyl  are  then 
substituted  for  two  atoms  of  the  halogen  metalloid,  and  a  diacetic  ether 
is  thereby  formed,  which,  when  saponified  by  a  base,  furnishes  the 
biatomic  alcohol  sought  for  : 


co^")  +  i;}  =  CZ]) 


Ethylene.  Bromine.  Bromide  of 

etl^lene. 


Bromide  of  Potaulc  acetate.  Diaoetic  glycoL  Bromide  of 

ethylene.  potaasiam. 

Diacetic  ((lyooL  Potash.  Glycol.  FioCaaric  acetate. 

The  second  process  of  preparing  glycols  synthetically  is  owing  to 
M.  Carius,  and  dates  from  1863.  It  is  based  on  the  fact  that  ethylene 
and  its  homologues  unite  directly  with  hypochlorous  acid,  giving  a 
chlorhydrin  of  the  glycol  which  corresponds  to  them.  This  monochlor- 
hydrin,  when  submitted  successively  to  the  actions  of  acetate  of  silver 
and  of  alkalies,  gives  the  glycol  sought  for : 
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(C^'O")         -f 


Amylene.  Hypodiloroaa  Amylento 

add.  chlorhydrin. 

The  synthesis  of  the  glycols  is  therefore  bound  np  with  that  of 
ethylene  and  its  homologues,  and  though,  as  an  exceptional  case, 
M.  Caventou  has  succeeded  in  preparing  ordinary  glycol  by  substituting 
bromide  of  brominated  ethyl  for  the  bromide  of  ethylene,  generally 
speaking,  we  may  affirm  that,  where  the  hydrocarbides  are  unknown, 
so  are  the  glycols.  Now  as  these  hydrocarbides  which  are  obtained  so 
easily  in  the  fatty  series  by  submitting  monatomic  alcohols  to  dehy- 
drating actions  have  never  been  prepared  in  the  aromatic  series,  neither 
have  the  glycols  of  this  series  been  obtained. 

Triatomic  alcohols  have  not  as  yet  been  obtained  synthetically,  with 
the  exception  of  amyl-glycerine  which  was  discovered  by  M.  Bailer  in 
1861.  In  order  to  prepare  it,  this  chemist  heated  bromide  of  brominated 
amylene  with  two  molecules  of  acetate  of  silver,  and  then  saponified 
the  product  of  the  reaction  by  means  of  caustic  potash ;  the  body  which 
results  from  this  is  monobrominated  amjl-glycoL  This  body,  heated 
with  an  excess  of  potash,  exchanges  its  bromine  for  hydroxyl  and  is 
converted  into  amyl-glycerine : 

f=-|:}o.)  +  (Ijo)  .  1}  +  ff.)..) 

MonobromiDatcd  Potash.  Bromide  Amjl-glyoerine. 

amyl-gtyooL  of  potassiam. 

The  synthesis  of  only  one  alcohol  of  an  atomicity  greater  than  three 
has  been  accomplished,  lliis  is  the  tetratomic  alcohol  corresponding 
to  the  formula  (C"HK)*).  It  was  discovered  in  1865  by  Carius,  who 
called  it  propyl-phycite,  and  in  order  to  prepare  it  he  caused  hypochlo- 
rous  acid  to  act  on  glyceric  epichlorhydrin  ;  these  two  bodies  combine, 
giving  a  dichlorhydrin  of  propyl-phycite :  he  then  prepared  the  alcohol 
by  means  of  this  dichlorhydrin  by  the  same  process  as  that  used  to 
obtain  the  glycols  by  means  of  their  dibromhydrins;  the  following 
equation  explains  this  synthesis : 

ijOH 
I  CI 

Glyceric  Hypochloroiu  Dichlorhydric 

epfchlorhydrin.  acid.  propyl-phycite. 

The  synthesis  of  polyatomic  acids  is  more  advanced  than  that  of  alco- 
hols of  the  same  atomicity.    We  will  first  speak  of  biatomic  acids. 

These  acids  are  divided  into  two  classes;  one  comprising  those  which 
contain  an  alcoholic  residue  of  water  and  an  acid  residue  of  water,  and 
into  whose  molecule  there  enter  three  atoms  of  oxygen ;  the  second 
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oomprisiBg  those  which  contam  four  atoms  of  oxygen,  and  two  atoms 
of  hydroxyl,  hoth  acid,  that  is  to  saj,  united  to  carbon jl  CO.  Gljoolic 
acid  (C^H)*)  and  lactic  acid  (0*H*0*)  may  be  taken  as  examples  of 
the  first  class ;  and  oxalio  acid  (CHFO*)  and  succinic  acid  (CHHD*) 
as  those  of  the  second. 

Acids  of  the  first  class,  that  is  to  say,  biatomic  and  monobaaic  adds, 
may  be  prepared :  Ist,  by  means  of  the  corresponding  glycols ;  2nd,  by 
means  of  the  monatomic  acids  from  which  they  only  differ  by  an  atom 
of  oxygen ;  3rd,  by  employing  the  glycols  which  contain  CH*  lees  than 
themselves ;  4th,  by  using  hydrocarbides  analogous  to  ethylene ; 
5th,  by  using  aldehyds  derived  from  monatomic  alcohols;  6tlL,  by 
means  of  oxalio  acid ;  7th,  in  the  aromatic  series  by  means  of  mon- 
atomic phenols. 

We  owe  the  first  of  these  processes  to  M.  Wurtz,  who  in  1859  dis- 
covered that,  under  the  influence  of  platinum  black,  ordinary  glycol 
gives  glycolio  acid,  and  propyl-glycol  gives  lactic  acid : 


QlyooL  0xjgen« 


However,  with  glycols  which  are  richer  in  carbon  than  propyl- 
glycol  the  oxidation  does  not  take  place  so  regularly :  part  of  the 
carbon  and  hydrogen  separate  entirely  from  the  group,  and  instead  of 
the  acid  desired,  a  lower  homologue  of  this  acid  is  produced  : 

Arayl-gtlycoL  OxyB^n.  BatylacUc  acid.  Water.  CaitonSe 

anhydride. 

The  second  process,  discovered  by  Hofmann  and  K^kul^,  consists  in 
preparing  the  monobrominatod  derivatives  of  monatomic  acids,  and 
boiling  them  with  water  and  oxide  of  silver:  bromide  of  silver  is 
produced,  and  an  acid  which  contains  an  atom  more  oxygen  than  that 
used  for  its  preparation  : 

+ an  °) + 

Bmmotatjrlc  Oxide  of  slWer.  Water.  Bromide  of  Oxybatjric 

ackl.  Bllyer.  actd. 

In  the  aromatic  series,  monatomic  acids  may  be  transformed  into  bi- 
atomic monobasic  acids,  by  preparing  the  mononitrous  derivatives  of 
the  first  of  these  acids,  reducing  these  derivatives  by  nascent  hydrogen, 
and  submitting  the  amide  thus  formed  to  the  action  of  nitrous  acid : 
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Hf;)  +  c^f  0) 


BpDioicadd. 


Nitric  acid. 


=      0 


+  (if  °) 


Water. 


+ 


Kil)  =  Ki!°) 


Hydrogen. 


+ 


Water. 


fiensamlo  add. 


+ 


(N|gH)-S!(  +  (if0)  + 


Bemamic  acid. 


Nitro«  add.        Nitragea 


Water. 


Qzjbeiiaoio  add. 


The  third  process  was  first  employed  by  Wislioenus  in  1863*  It 
consists  in  preparing  the  monocyanhydrin  of  a  glycol  by  means  of  the 
monochlorhydrin  of  the  same  body  and  cyanide  of  silver,  and  then 
causing  this  monocyanhydrin  to  react  when  hot  on  potassic  hydrate 
dissolved  in  alcohol;  the  reaction  is  the  same  as  that  in  which  the 
cyanide  of  monatomic  alcohol  radicles  are  transformed  into  monatomic 
acids: 


+ 


/ON 


I)  - 


+ 


Clf 


Monochlorfardrin 
ofcljooL 


Qyanfcleof 
potaMlDDi. 


Mooocyanhjdrin 
ofgljool. 


\ 


Moom^anhydrin 
ot  glycol. 


(i}0)  +  (i}0)-(K{|) 


+ 


Potaaslc 
chloride. 


fOH 
H' 


PotasBic 
hydrate. 


Water. 


Ammonia. 


FotaMlc  lactate. 


In  the  fourth  process,  which  was  discovered  by  M.  Lippemann  in 
1863,  the  direct  combination  which  takes  place  when  ethylene  or  its 
homol<^nee  react  on  the  oxychloride  of  carbon  is  made  use  of.  In  this 
reaction  there  is  formed  the  bichloride  of  the  radicle  of  a  biatomic  and 
monobasic  acid  of  the  series  higher  than  that  of  which  the  hydrocar- 
bide  employed  forms  part  We  know  that,  by  water,  bichlorides  are 
converted  into  hydrochloric  acid  and  a  monochlorinated  monatomic 
acid,  which,  when  acted  upon  by  potash,  or  by  water  and  oxide  of 
silver,  furnishes  the  biatomic  acid  desired : 
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HID  +  («l?r)   - 


Ethylene. 


OxTchlorlde 
of  carbon. 


/ 


ci 


c{a 


\      L^)C1 

Chloriae  oflac^L 


Ctiloride  of  InctyL 


+ 


{»  ' 


Water. 


OBI 

Cbloroproplonic  add. 


+  Sf 


Hydrodikjrtc 


c 


fCl 
|H« 


Mff 

Chloroproplooic  acid. 


+  (h}o)    =    K«i  + 


Potaah. 


Chloride 
or  potasaioni. 


Lactic  add. 


The  fifth  process,  which  has  long  been  known,  consists  in  leaving  to 
itself  a  mixture  of  an  aldehjd  corresponding  to  a  monatomic  acid, 
hydrocyanic  acid  and  water,  to  which  a  little  hydrochloric  acid  mnst 
be  added  to  facilitate  the  reaction.  In  this  case,  sometimes  an  amide 
is  produced,  which  nitrous  acid  transfoims  into  one  of  the  acids  in 
question,  and  sometimes  this  acid  is  directly  formed  : 


/ 


Ist. 


{"{f)  +  («|S)  +  (S|o)   . 


\ 


Alaoine. 


Hydrocyanic  add 


Water. 


Alaulne. 


("ISh)  -  S}  +  (gh) 


NftrooB  add. 


Nitrogen. 


cm 


+     C^H« 


IH- 


Lactic  add. 


Water. 
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2Dd. 


Bensolc  aldebyd. 


+  ("{S) 


+       2 


Hydrocyanic 
flckl. 


(2f°) 


Water. 


H 
OH 

1^  tONH^ 

Fonnobenxoate  of  ammoDium. 


c*< 


( 


c 


The  sixth  process  was  disoovered  by  Frankland  in  1863,  and  consists 
in  the  substitution  of  radicles  of  alcohols  for  part  of  the  oxygen  which 
is  directly  united  to  carbon  in  oxalic  acid.  To  effect  this,  zinc-ethyl 
or  zinc-methyl  is  made  to  act  on  dietbylic  oxalate;  a  zinco-ethylic 
leucate  is  thus  formed,  which,  when  treated  by  water,  gives  leucate  of 
ethyl  and  hydrate  of  zinc : 

OC*H*^ 

+  Kzn"{^:) 


O 


O 
OCH^ 

Oxalate  of  etbyL 


-     \^  \ocm') 


I 


ZiLO-^yL 

OC*H» 

0     ■ 


Etbylateofdoc. 


+ 


c 
c 


c 

c 


(CH")' 


rr 


(C^*)* 


0 
OC*ff   ' 

Zlnoo-leodc  ether. 


ocm' 
cjo 

C  KCH»)» 
0   ^ 


c 
c 


o 

OC»H» 

Zinoo-leuclc  ether. 


+ 


(Sfo) 


(^■"{SS) 


+     2 


Water. 

I  OH 
C  l(CH»)» 

Co — 

'OCH» 

Leucate  of  etbyL 


Hydnteofdnc. 


The  leucate  of  ethyl  being  then  saponified  by  means  of  hydrate  of 
barium,  furnishes  alcohol  and  leucio  acid. 

Instead  of  preparing  the  zinc-methyl  separately,  it  is  more  oonvenient 
to  cause  zinc  in  powder,  and  iodide  of  methyl  or  of  ethyl,  to  act  simul- 
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taneonsly  on  oxalic  ether.  If,  instead  of  using  iodide  of  ethyl  or  of 
methyl,  a  mixture  of  these  two  ethers  be  employed,  etho-methoxaHc 
acid  is  obtained,  that  is  to  say,  oxalic  acid  in  which  an  atom,  of  oxygen 
is  replaced  by  an  atom  of  methyl  and  one  of  ethyL 

It  is  scarcely  probable  that  the  acids  thus  prepared  are  identical 
with  those  obtained  by  other  methods. 

The  first  four  and  the  sixth  processes  have  as  yet  been  employed 
exclusively  in  the  series  of  the  fatty  acids ;  the  fifth  is  generaL  The 
seventh  process  can  only  be  applied  to  the  aromatic  seiieB :  Kolbe,  in 
1860,  was  the  first  to  employ  it.  It  consists  in  causing  carbonic  anhy- 
dride and  sodium  to  act  simultaneously  on  a  phenol :  the  sodium  is 
substituted  for  the  hydrogen  of  the  phenol,  and  the  carbonic  anhy- 
dride is  fixed  on  the  sodic  phenate  thus  produced.  A  sodio  salt  is 
thereby  foimed,  by  means  of  which  the  desired  acid  is  easily  prepared : 

(C»*»H"NaO)      +      (CO*)       =       (C»H''NaO») 

Tiiymaie  of  sodium.  Carboolc  Tbjmotate  of  todliim. 

anbjdride. 

The  acids  obtained  by  this  last  method  contain  phenic  hydroxy! 
instead  of  (he  alcoholic  hydroxyl  contained  in  those  prepared  by  the 
other  methods. 

The  synthesis  of  biatomic  and  hi  basic  acids  is  much  less  advanced: 
it  has  been  accomplished  in  the  fatty  series,  and  that  only  by  three 
methods,  the  first  of  which  was  discovered  by  M.  Wurtz,  and  con- 
sists in  oxidizing  glycol  by  nitric  acid.  This  alcohol  then  exchanges 
11^  for  O',  and  is  converted  into  oxalic  acid.  Unfortunately,  this 
degree  of  oxidation  is  always  exceeded  when,  instead  of  ordinary 
glycol,  another  glycol  is  used.  Instead  of  a  homologue  of  oxalic  acid, 
this  acid  itself  is  again  obtained,  along  with  the  products  of  complete 
combustion,  such  as  water  and  carbonic  anhydride.  This  method 
therefore  can  be  employed  for  the  synthesis  of  oxalic  acid  only. 

In  the  second  method,  discoved  by  Maxwell  Simpson  in  18C0,  the 
dicyanhydiin  of  a  glycol  is  heated  with  caustic  potash ;  ammonia  is 
disengaged,  and  the  dipotassic  salt  of  the  acid  sought  for  is  formed. 
The  acid  thus  prepared  belongs  to  a  series  higher  by  two  terms  than 
that  of  which  the  dicyanhydrin  employed  formed  a  part. 

The  dicyanh^'drins  intended  for  these  syntheses  are  prepared  by 
heating  the  dibromhydrins  with  an  alcoholic  solution  of  potassic 
cyanide : 

((C'HTJgS)     +      2(K)0)      +      2(g}0) 

PropTl(nlc  PoUsb.  Water.  Ammoiiia. 

icyAnhi 


dicyAnbydiin. 


+ 


(CH' 


\ 


PoUssic  pjroUrtrmtr. 
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The  third  method,  which  will  probably  become  general,  is  due  to 
Kolbe  and  Mulher,  who  both  discovered  it  at  the  same  time.  These 
chemists  used  it  in  1*863  to  prepare  malonic  acid.  To  effect  this,  they 
heated  chloracetic  acid  with  cyanide  of  silver,  whereby  cyanacetic 
acid  was  formed,  which,  when  boiled  with  potash,  was  converted  into 
potassic  malonate  and  ammonia : 


+  i^})  '  ^n  + 


Cyanide 
of  silver. 


Chlorido 
of  silver. 


CN 

QyaiMoetic  add. 


I  OH 


(i}°)  = 


NH»       + 


G 
C 


OK 
0 


H' 


QTanaoctlc  acid. 


Potanlc  hydrate. 


« {I 


Ammonia. 


OK' 

Potassic  malonate. 


The  triatomio  acids  which  correspond  to  the  glycerines  ai-e  very 
little  known ;  one  of  them,  glyceric  acid,  has  been  obtained  by  Debus, 
by  oxidizing  glycerine  with  nitric  acid  : 


Glycerine. 


+ 


0' 

Oxygen. 


-  r^io-) 


-h 


(i}°) 


Glyceric  add. 


Water. 


A  triatomic  and  tribasic  acid,  carballylic  acid,  answering  to  the 
formula  C*H*0*,  has  been  prepared  by  Maxwell  Simpson,  by  means  of 
glyceric  tricyanhydrin  and  alkalies : 


|(C«n7"|cN 

Glyceric  tricyanhydrin. 


+    3(^}o)    +    3(2fo)     =     3(NH») 


Fbtaab. 


Water. 


Ammonia. 


/  fOO*K\ 

(((?B7'XC0'K| 
\  iC0»K/ 


fOO*K> 
')"XCO'~ 

ico" 

Garballylate  of  potaMiam. 


Besides  this,  triatomic  and  monobasic  acids  may  be  obtained  by  the 
action  of  moist  oxide  of  silver  on  the  bichlorinated  or  bibrominated 
derivatives  of  monatomic  acids,  at  least  it  may  be  so  deduced  from  the 
experiments  of  MM.  Friedel  and  Machnca,  who  have  succeeded  in  pre- 
paring dioxybutyrio  acid  by  this  means : 


(C*H*Br'0")     +    Ag'O 


nibroroo-batyrlc 
acid. 


Oxide  of 
silver. 


+  wo 

Water. 


=     2(AgBr)    +    (0*HH>») 


Bromide  of 
iiilTer. 


Dlozyba^rlc 
acid. 


Lastly,  malic  acid,  which  is  triatomic  and  bibasic,  was  prepared  in 
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1860  by  K^kuU  on  one  hand,  and  by  Perkin  and  Duppa  on  the  other, 
by  means  of  bromo-suocinic  acid  and  moist  oxide  of  silver: 


+ 


& 


}«) 


+ 


m  -  <^\) 


OH 

Urumo-ftuccliilc  add. 


Oxide  of  illver. 


Water. 


Bromide  of 
flOTer. 


+     2 


C* 


OH 

O" 

in.OH 


\ 


I      lOH     / 

MoUc  acid. 


It  is  known  that  there  are  very  few  acids  in  existence  having  an 
atomicity  greater  than  three,  and  that  the  best  known  of  these  are 
tartaric  acid  C^H*0',  a  homologue  of  this  latter  hitherto  unnamed 
C*n"0«,  citric  acid  C*H*0',  and  gallic  acid  C'H'O'.  With  the  exception 
of  citric  acid,  all  these  have  been  obtained  synthetically :  tartaric  acid 
and  its  homologue  result  from  the  action  of  oxide  of  silver  on  dibromo- 
succinic  and  dibromo-pyrotartaric  acids,  and  gallic  acid  is  produced 
when  dibromo-salicylic  acid  is  treated  in  the  same  manner : 


(l|}o)   +  (Ifo)    - 


Dlbromo-TOodiiic 
add. 


Oxide  of  silver. 


Water. 


m) 


+       2 

Bromide  of  sUver. 


I 


OH     \ 
O"       \ 


H' 
C  ■{  H.Br 
H.Br 
0"       . 
\       LOH     / 


J  Mbraoio-pyTotartarlc 
add. 


Mgl 


n) «)  +  (51  °) 


Oxide  of  aQver. 


Water. 


Bromide  of  silver. 
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0 


J  OF 

10" 


+    (^!  O)     +    (H|  0)      = 


DlbronKHiallcylic  Oxide  of  silver.  Water. 

Add. 


Bromide  of  silver. 


The  synthesifl  of  tartaric  acid  was  accomplifihed  in  1860  by  K^kul<$ 
on  one  hand,  and  by  MM.  Perkin  and  Dnppa  on  the  other :  that  of  the 
homologue  of  tartaric  acid  by  E^kul^  in  1862,  and  that  of  gallic  acid 
by  MM.  Kolbe  and  Lantemann  in  1861. 

In  relation  with  the  series  of  fatty  acids,  there  is  another  series  of 
which  acrylic  acid  is  the  type,  and  of  which  the  general  formnla  is 
C"H**"*0*.  Five  of  these  acids  are  known,  which  as  yet  have  not  been 
obtained  synthetically,  viz.,  acrylic  acid  011*0',  crotonic  acid  0*H*0', 
angelic  acid  0*11*0*,  pyroterebic  acid  0«H»'0»,  and  oleic  acid  O'^H^O*. 

Dr.  Frankland,  in  a  work  published  in  July  1865,  has  made  known 
three  new  acids  isomeric  with  crotonic,  angelic,  and  pyroterebic 
acids ;  moreover,  the  properties  of  these  acids  have  enabled  him  to 
determine  the  relations  existing  between  these  new  compounds  and 
their  natural  isomers  on  one  hand,  and  the  fatty  acids  on  the  other. 
These  relations  have  taught  Dr.  Frankland  a  new  synthetic  process,  by 
means  of  which  he  will  probably  achieve  the  synthesis  of  the  natural 
acids  of  this  series. 

We  have  already  seen  how  this  chemist  succeeded  in  substituting 
alcohol  radicles  for  part  of  the  oxygen  which,  in  oxalic  acid,  is  directly 
united  to  carbon,  and  how  he  thus  obtained  homologues  of  lactic  acid  : 
he  has  prepared  dimethoxalic,  etho-methoxalic,  and  diethoxalio  acids 
in  this  manner : 

(OH  f^^,  (^^, 

0  0^  oi^  0^^° 


0"  /  0" 

OH  COH 


OH 

Oxalic  MkL  DlmeUioxaUc  add.       EUio-iiietboxalic  add.         Diethoxalio  add. 


When  submitted  to  the  influence  of  terchloride  of  phosphorus  or 
of  phosphoric  anhydride,  the  ethylic  ethers  of  these  three  acids  lose  a 
molecule  of  water :  this  water  is  formed  at  the  cost  of  one  atom  of 
hydroxyl  contained  in  the  acid  employed,  and  of  an  atom  of  hydrogen 
taken  from  one  of  the  alcohol  radicles. 

Thus  we  have : 
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OH 

C'H' 

O" 
OC»H» 

DiethozaUte  of  ethyL 


EHio-metlxnuaate 
ofetliyL 

fOH 
CH» 
OC*ff 

DtmethozaUito  of 
ethyL 


(g|°) 


W*tir. 


(Ifo) 


W*ter. 


+ 


EUiTl-crotoiMto 
ulttbjL 

C!CH» 


C)0" 
lOCH* 

Mett^l-croloDate 
ofeChyL 


(1)0) 


Water. 


c 

Cl 


Off"    I 
CH^ 

0" 


OCH* 


Methaciylate  of 
etliyL 


These  different  ethers  may  easily  be  saponified  by  an  alcoholic 
solution  of  potash,  and  thus  give  rise  to  three  acids  which  crystallize 
perfectly. 

In  the  formation  of  these  acids,  it  will  be  seen  that  the  hexatoxnic 
group  C  remains  saturated.  Although  it  loses  OH,  the  radicles  ethyl 
or  methyl,  which  were  monatomic,  losing  H  become  biatomic,  and  the 
equilibrium  of  the  molecule  is  again  established. 

When  one  of  these  acids  prepared  by  synthesis  is  heated  with 
potash  to  180^  it  splits  up  into  two  acids  of  the  fatty  series,  disengaging 
hydrogen,  in  the  same  manner  as  the  natural  acids  of  which  these  acids 
are  isomers.  In  this  case  ethyl-crotonic  acid  gives  butyric  and  acetic 
acids;  methyl-crotonic  acid  gives  propionic  and  acetic  acids;  and 
metacrylio  acid  gives  propionic  and  formic  acids. 

These  reactions  are  easily  explained  on  the  supposition  that  the 
biatomic  radicle  contained  in  each  of  these  acids  is  exchanged  for  H*, 
giving  one  fatty  acid,  while  this  radicle  unites  with  O'  and  forms  the 
second.  If  two  molecules  of  caustic  potash  be  taken,  the  two  atoms  of 
oxygen  contained  in  these  two  molecules  unite  with  the  biatomic 
radicle  in  question,  and  the  two  atoms  of  hydrogen  of  the  potash  are 
substituted  for  this  radicle.  We  have  thus  the  two  fatty  acids,  which 
in  presence  of  the  potassium  remaining  from  the  potash  form  potassic 
salts  and  disengage  H' : 


|0"~~ 
OH 

Eibyl-orotonlc  add. 


+  2 


(i|o)  = 


Putftsaic  hydrate. 


CTH* 

lO" 
!0K 

PotMBic  batyrmte. 


+ 


H^)+Hf 


Potaoslc  aoetftte.       Hydrogen. 
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It  is  true  that,  in  oases  in  whioh  the  radicles  found  in  the  formula 
above  and  below  the  horizontal  line  contain  different  numbers  of 
atoms  of  carbon,  it  might  be  admitted  that  the  reaction  results  from 
the  division  of  the  molecule  C*  with  which  all  these  radicles  are  united. 
Thus  the  products  which  should  theoretically  be  obtained  are  the  same 
according  to  both  hypotheses  : 


*tf 


OJCH' 

clo" 

OH 


Methyl-crolooic 
add. 


+ 


First  Htfothbsis. 


H» 
CH> 


\      lOB 


+ 


PotUBlc  hydrate. 

+ 


OK 

Potaaaic  propionate. 


H» 


Hydrogen. 


H^s) 


Potaaaic  acetate. 


Sboond  Htpothesis. 


+     2 


OH 

Ifetbyl-crotaQlc  add. 


(iio)  =  m  ^  an 


Foftaaale  hydrate. 


O" 
OK 

Potaaaic  propknate. 


Potaaaic  acetate. 

+  1} 

Hydrogen. 

Fortunately,  these  two  hypotheses  conduct  to  different  conclusions  in 
the  case  in  which  the  two  radicles  placed  above  and  below  the  hori- 
zontal line  contain  an  equal  amount  of  carbon,  which  causes  the  question 
to  be  decided  in  favour  of  the  first  hypothesis. 

If  ethyl-crotonic  acid  divided  in  conformity  with  the  second  hypo* 
thesis,  instead  of  butyric  and  acetic  acids  it  would  furnish  two 
molecules  of  propionic  acid  according  to  the  subjoined  reaction,  which 
is  not  the  case : 


C* 


C*H*" 
OH 


KthyUcrotonic 
add. 


*  Kilo)  -  H^)  *  (e{r") 


Hydrate  of 
potoaalnm. 


Propionate  of 
potaarinn. 


C*H«"+H)' 
OK 

Propknata  of  potaariom. 


Hydrogen. 


The  mode  according  to  which  this  reaction  is  accomplished  being 
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fixed,  enabled  Dr.  Frankland  to  establish  the  rational  formula  o(  the 
natural  acids  isomeric  vrith  those  he  obtained  synthetically,  as  already 
explained.  This  constitution  once  known,  he  perceived  that  there 
exists  a  very  simple  relation  between  the  fatty  acids  and  those  of  the 
acrylic  series.  These  latter  arising  from  the  former  by  the  substitation 
of  a  biatomic  radicle  for  H',  if  the  acid  in  the  molecule  of  which  the 
substitution  takes  place  be  acetic  acid,  the  body  produced  is  one  of  the 
natural  acids  of  the  acrylic  series ;  if^  on  the  contiury,  it  is  a  homologne 
of  acetic  acid,  the  body  derived  is  one  of  the  artificial  acids  of  this 
series. 

The  substitution  of  a  biatomic  radicle  for  H'  in  the  fatty  acids  has 
not  yet  been  accomplished ;  but  Dr.  Frankland  hopes  to  succeed  with 
acetic  acid  by  causing  the  bromide  of  ethylene  or  its  homologues  to  act 
on  disodacetic  ether : 


/ 


C 
C 


H 

Na* 


10 
!OC«H*^ 


+ 


/C"I1*" 


))  =  ^a;D 


+ 


DiiodAoetate  of  ethyL 


Bromide  of 
ethyleoe. 


Brumide  of 
80dlum. 


H 

Acrylafieofeibyl 


The  same  chemist  also  thinks  that  another  series  of  acids  should 
exist,  derived  in  a  similar  manner  from  acetic  acid  or  its  homologues, 
having  this  difference  however,  that  instead  of  containing  a  biatomic 
radicle  substituted  for  H*,  they  would  contain  a  triatomio  radicle 
substituted  for  H* : 


.OH 

Aoeiicadd. 


c 


fCH 


nt 


0" 
lOH 

FormjlacUc  add 
(hypothetical). 


He  furthermore  supposes  that,  by  processes  analogous  to  those  jnst 
described,  a  series  of  acids  might  be  obtained  which  would  bear  the 
same  relation  to  the  aromatic  acids  that  acrylic  acid  and  its  homo- 
logues bear  to  the  fatty  acids. 

One  acid  of  this  nature,  cinnamic  acid,  is  already  known,  but  it  is 
difficult  at  present  to  say  whether  it  should  be  considered  as  toluene- 
acetic  add  or  as  ethylene-benzoic  acid :  it  may  be  represented  by  either 
of  the  two  following  formulae : 


iH 
C  J  C'H«" 

c](r~ 

I  OH 

Tolacne-acetic 
acid. 


C* 


Eth7leDe>benzoic 
add. 


Cinnamic   acid   has   been   already  obtained   synthetically  by  two 
different  processes ;  the  first  of  which  was  discovered  by  Bertagnini 
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in  1857,  and  conBiets  in  heating  a  mixture  of  chloride  of  acetyl  and 
essential  oil  of  bitter  almonds  in  a  closed  vessel : 


(C«H»0C1) 

Chloride  of  aoe^L 


HCl 


Benxote  Cixmamlc  add.  Hydrochloric 

Aldehyd. 


add. 


This  reaction  cannot  be  explained  by  onr  fonnulse  of  constitution. 
It  is  probably  accompanied  by  a  complete  change  of  state  of  the  mole- 
cule. 

The  second  process  was  also  discovered  in  1857  by  M.  Hamitz-Har- 
nitzky.  This  chemist  having  caused  the  benzoate  of  barium  to  act  on 
the  chloracetene  he  had  prepared  by  treating  aldehyd  with  the  oxychlo- 
ride  of  carbon,  obtained  chloride  of  potassium  and  cinnamic  acid. 

This  reaction  probably  takes  place  in  two  stages : 


FiBST  Stage. 


(o|?)    ^  ("-fc)   ' 


HCl     +       C- 


Ghloraoetene. 


Benaoate  of  potaadnm.         Hydrochloric 

add. 


8 — i»r 


Giimamate  of  potaadniiL 


c 


IP 

^tOK 

ClnnaoBate  of  potassium. 


Second  Stage. 


+    Clf     "     Clf     "^ 


Hydruchlorie        Chloride 
add.  of  potasdum. 


OH 

Cinnamic  add. 


These  two  syntheses  are  complete,  as  benzoic  and  acetic  acids,  and 
consequently  their  aldehyds  have  been  prepared  synthetically. 

We  have  thus  completed  the  history  of  the  different  methods  which 
are  general,  or  appear  likely  to  become  so,  for  effecting  the  synthesis  of 
organic  compounds :  we  will  now  speak  in  order  of  date  of  certain 
syntheses  which  as  yet  are  not  general. 

In  1860  the  acetones,  which  up  to  that  time  had  only  been  prepared 
by  the  distillation  of  the  calcic  salts  of  monatomic  acids,  that  is  to  say, 
by  an  analytical  process,  were  prepared  synthetically  by  Freund  and 
Pebal,  by  causing  zinc-ethyl  or  zinc-methyl  to  react  on  the  chloride  of 
acetyl  or  of  any  other  acid  radicle : 

(gg[Zn")    +    2(0«HH)C1)     =     (ZnCl')    +    2(C-H'0) 


ZincmeChyL 


Chloride  of  aee^ 


Chloride  of  dnc. 


Acetone. 
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Recently,  in  1866,  Friedel  acoomplisbed  the  same  Byntbesis  by 
baving  recourse  to  the  reaction  of  metbylate  of  sodium  on  eblor- 
acetene : 

(Sn^)     +     (C'^'^O     =     (Cm^)    +     (XaCl) 

Metbylate  of  Chloraoetene.  Acetone.  Oilorfde 

lodioiD.  of  aodiom. 

Later  still,  in  1866,  M.  Wanklyn  also  prepared  acetone  syntbeticaUy : 
bia  process  consists  in  causing  oxide  of  carbon  to  act  on  sodium- 
methyl.  Carbonyl  CO"  is  substituted  for  the  sodium,  which  becomes 
free: 

2(CH'Na)     +     CO     =     ((CO)"{g^')     +    JJ*} 

Sodium-methyl.  Oxide  of  Acetooe.  Sodhom. 

carbon. 

In  1861,  Boutlorow  obtained  by  synthesis  a  substance  which 
appeared  to  him  to  be  analogous  to  the  sugars.  This  substance  is  pro- 
duced along  with  formic  acid,  when  dioxy-methylene  is  heated  with 
lime.  M.  Boutlerow  thinks  that  its  formula  is  0'H'*0',  though  its 
analysis  does  not  support  this  view.  However,  according  to  this 
hypothesiB|  the  reaction  is  easily  explained.     We  have : 

4(c«ii*o«)    =    ((jm'*(y)  +  (CH«o*) 

Dlozy-methylene.  Formic  acid. 

This  new  substance  has  received  the  name  of  methylenitane,  indicat- 
ing its  origin  and  its  analogy  with  mannitane. 

In  the  course  of  the  same  year,  1861,  Kolbe  obtained  formic  acid  by 
transmitting  a  mixture  of  carbonic  anhydride  and  sodium  over  heated 
potassium : 


2(C0*)    +     (H«0)    +    K«     =     (CHKO*)     + 


m 


Carbonic  Water.  Potaniom.  Pbtanic  l\>taaiic 

anhydride.  fonniate.  Ucarbuoate. 

During  the  same  year  also,  MM.  Lieben  and  Bauer  succeeded  in 
preparing  several  bodies  whose  molecules  are  more  complex  than 
those  of  their  generators. 

These  chemists  having  caused  chlorine  to  act  on  ether,  substituted 
two  atoms  of  chlorine  for  two  atoms  of  hydrogen,  and  gave  the  com- 
pound they  obtained  the  name  of  monochlorinated  ether*.  This  latter, 
on  reacting  with  zinc-ethyl,  exchanges  an  atom  of  its  chlorine  for 

eiliyl.  and  gives  a  compornxd  having  for  formnla  (^^'^}  o) : 

*  Mono-  and  not  bi-chlorinated,  because  M.  Malagnti  had  applied  the  name  bi- 
chlorinated  to  that  ether  in  which  four  atoms  of  chlorine  are  sufaetitated  for  four  of 
hydrogen,  the  fonnula  of  ether  not  having  as  yet  been  doubled. 
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Mooochlorliialed  ether.  Zliio-«lb7l.  Chloride  of  dna  ChloivethjUo  ether. 

Chloro-ethylic  ether,  heated  in  a  sealed  tube  with  a  fresh  qnantitv 
of  zinc-ethyl,  exchanges  its  atom  of  chlorine  for  ethyl,  and  famishes 
diethylic  ether : 

Cblor-ethyllo  ether.  ZIoo-ethyl.  Chloride  of  fine  Dtoxethjllc  ether. 

Later,  in  1864,  M.  Lieben,  continuing  the  study  of  monochlorinated 
ether,  succeeded  in  substituting  ozethyl  or  ozymethyl  for  one  or  for  two 
atoms  of  chlorine.  (The  diozymethylic  product  has  not  yet  been 
obtained) : 

Monoohlorfaiated  Methylateof  Chloride  of  ChlorozjrmeChyUc  ether, 

ether.  eodlum.  nodtnin. 

(Si?i)  0) + ^  r^?} »)  -  ^  (a* }) + (sg:^^»  0) 

MoDobhlorinated  Rthylate  of  ■odimn.  Chloride  of  DIozethyUo  ether, 

ether.  Bodlnm. 

Quite  recently,  Lieben  has  published  in  the  German  journals  an 
epitome  of  an  important  work,  wherein  he  proves  that  the  preceding 
formula  should  be  modified,  the  chlorine,  ethyl  and  methyl  being  sub- 
stituted, not  for  one  atom  of  hydrogen  in  each  molecule  of  ethyl,  but  for 
two  atoms  of  hydrogen  in  the  same  molecule  of  ethyl.  On  submitting 
the  chloro-ethylic  compound  to  the  action  of  concentrated  hydriodic 
acid,  Lieben  obtained  iodide  of  butyl,  iodide  of  ethyl,  and  iodine.  This 
reaction  takes  places  in  two  stages : 

First  Stage. 

(™-.ag«;f  0)  +  .(H))  =  (I  ( o)  +  (t<™-c.cmi() 

Gblor-etbjUc  ether.  Hydriodic  add.  Water.  Gblorinated  Iodide  of 

hatyl 

+  (cnvi) 

Iodide  of  eCbyL 

Second  Stage. 
(tC^.a<«-]J)    ^    ,(H|)     .     (HJ)    ^    I) 

Chlorinated  iodide  of  hatyL  Hydriodic  Rydroohlorio  lodiiM. 

add.  add. 

Iodide  of  tmtyl 

3  H 
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Lieben  asks  what  is  the  oonstitution  of  the  but3rric  alcohol  oorre- 
sponding  to  this  iodide  of  bulyl.  In  order  to  solve  this  problem  he  first 
seeks  how  many  isomeric  bntylio  alcohols  can  exist,  and  finds  that  there 
may  be  fonr,  having  the  following  rational  formnlie: 

L  II.  HL  IV. 

jCIP 

C  g^        c<-  C 

OH 


He  then  establishes  that  the  foimuleo  I.  and  III.  cannot  represent  the 
constitution  of  the  alcohol  in  qnestion,  because  it  necessarily  contains 
in  its  molecule  the  ethyl  which  was  introduced  synthetically,  and 
that  these  formul»  correspond  to  bodies  which  would  not  contain  this 
radicle. 

There  therefore  remain  the  formulsB  II.  and  lY. 

The  formula  lY.  is  that  of  the  butyric  alcohol  of  fermentation  ; 
M.  Lichen's  alcohol  being  different  from  the  latter,  and  appearing 
rather  to  resemble  the  butylic  pseudo-alcohol  of  M.  de  Luynes.  The 
2nd  formula  therefore  is  that  which  represents  its  constitution. 

In  1862,  Wurtz  accomplished  the  synthesis  of  amylene  by  causing 
iodide  of  allyl  to  act  on  zinc-ethyl : 

(Zii"j^|)     +     2(^*^1)     =      (ZnP)     +     2((?W) 

Zlno^UiyL  Iodide  of  allyl  Iodide  of  Amylene. 

line. 

Later  still,  he  showed  that  the  same  results  are  obtained  on  substi- 
tuting a  mixture  of  sodium  and  iodide  of  ethyl  for  the  zinc-ethyl. 

In  the  course  of  1862  Linnemann  succeeded  in  combining  nascent 
hydrogen  with  glucose,  which  it  converts  into  mannite : 

CTW   +   if    -    (TW 

Gluoofle.  Hydrogen.  Mennite. 

In  1861,  Loevig,  on  causing  nascent  hydrogen  to  act  on  oxalate 
of  ethyl,  obtained  a  new  acid,  which  he  called  desoxalic  acid,  a  fer- 
mentable sugar  being  formed  at  the  same  time ;  in  1862  he  succeeded 
in  decomposing  desoxalic  acid  into  carbonic  anhydride  and  paratartaric 
acid,  by  heating  it  with  dilute  stdphuric  acid,  which  appears  to  exercise 
simply  a  catalytic  action : 

(C*H^)     =     C0«     +     (C^HHy) 

Deeozalic  add.  Oarboolc  P«ratarUiic 

Anhydride.  eoM. 
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Towards  the  close  of  1862,  Mendins  transformed  the  cyanides  of 
alcohol  radicles  into  amines  of  a  series  higher  hy  one  term  than  their 
own.  To  eifect  this,  he  fixed  four  molecules  of  hydrogen  on  the 
cyanides  by  placing  them  in  presence  of  a  mixture  of  zinc  and  sulphuric 
acid: 


Cjankle  of 
methyL 


+ 


(if) 


Hjdragm. 


Eihylunine. 


h) 


In  1863,  Bontlerow  obtained  an  isomer  of  butylic  alcohol  by  causing 
water  to  act  on  the  product  of  the  reaction  of  oxychloride  of  carbon  with 
zinc-methyl.  The  same  body  is  also  formed  when  chloride  of  acetyl  is 
substituted  for  oxychloride  of  carbon.  It  must  therefore  be  admitted 
that,  in  the  first  of  these  reactions,  an  atom  of  methyl  is  substituted  for 
an  atom  of  chlorine,  thereby  transforming  the  oxychloride  of  carbon 
into  chloride  of  acetyl,  and  that,  afterwards,  a  second  molecule  of  zinc- 
methyl  entering  into  reaction,  two  atoms  of  methyl  are  substituted  for 
an  atom  of  oxygen.  The  result  of  this  latter  action  is  a  chlorinated 
body  which,  on  contact  with  water,  exchanges  its  chlorine  for  hydroxyl 
and  furnishes  the  isomer  of  butylic  alcohol  of  which  we  speak : 


Ozychlorida  of 
caxtioii. 


{"  {§?■) 


Chloride  of  aoe^L 


Zinc-metbyl. 


Chloride  of  sine. 


Chloride  of  tuotljl. 


(?i:}^»")  - 


ZnO     + 


ZIoe-mettiyL 


Oxide  of 
dnc. 


TrimeUiylAted 
Chloride  of  methyl. 


+ 


(51  o)  -  (S }) 


+     c 


TrimethyUtted 
chloride  of  nKfthyl. 


Water. 


Hydrochloric 
add. 


CH»^ 
CH» 
CH« 
OH/ 

TrineChylated  methylic 
alcohol  (trimethyl. 
oarblnol). 


In  1864,  by  causing  sodium  to  act  on  monobromacetic  acid,  M.  Baeyer 
produced  an  acid  which  is  three  times  more  complex  than  acetic 
acid,  and  gave  it  the  name  of  aceconitic  acid.  In  this  reaction  the 
sodium  seizes  the  bromine  and  the  three  residues  imite,  losing  an 
atom  of  hydrogen : 


6(C*H'BrO»)    +    3(^:»})  = 

«  (Sr  })  +  2(CrH'0')  +    5} 

Bromaoette  add.                    Sodloin. 

Sodic  bromidei       AoeooDitic  add.        Hydrogen 

8  R  2 
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However,  M.  Baeyer,  instead  of  using  bromaoetio  acid,  finds  it 
preferable  to  substitute  for  it  the  bromaoetate  of  ethyl ;  he  therefore 
obtains,  instead  of  firee  aceconitic  acid,  triethylic  aceconitate,  which 
furnishes  the  acid  when  saponified. 

In  1865,  M,.  Sch5gen  produced  synthetically  an  isomer  of  tartaric 
acid,  different  from  all  the  modifications  of  this  acid  previously  known. 
To  effect  this  result,  he  combined  two  molecules  of  hydrocyanic  acid 
with  a  molecule  of  glyozal,  and  boiled  the  compound  formed  with 
potash.  Ammonia  was  disengaged,  and  there  was  produced  an  alkaline 
salt  of  the  new  acid,  called  by  M.  Schdgen  glycotartaric  acid : 


((7IP0«) 

QIjoxaL 


+ 


2(CNH)     =     ((C-HJO^r)N«) 


HTdroqranio 
add. 


Qlyootartrodiaimide. 


r'^y)  +  »(g}o)  +  .(i}o) .  .(|}k) 


OljwCaitivdiMnide. 


Hydrate  of 
potaaslnm. 


Water. 


AmnMnltim. 


Potaaaic  glyooUrtrate. 


Finally,  during  the  past  year  M.  Berthelot  has  obtained  oxalic, 
malonic,  and  pyrotartaric  acids  by  the  oxidation  of  acetylene  or  ethylene 
and  their  homologues.     {See  pages  393-4). 

We  have  thus  given  a  summary  of  the  progress  made  in  organic 
synthesis  during  the  last  twenty-five  years.  In  this  we  have  not 
mentioned  the  alkaloids,  because  their  syntheses  are  among  those 
which  we  excluded  at  the  commencement. 

The  synthetic  results  already  obtained  and  those  we  have  reason  to 
anticipate  show  that  aU  organic  compounds  may  be  prepared  in  the 
laboratory  by  means  of  the  elements,  and  consequently  the  last  baiTiers 
which  appem^  to  exist  between  mineral  and  oi^anic  chemistry  are 
removed. 


INDEX. 


ACETAL,  668 

Acetate  of  silioo-nonyl,  535 
Acetates,  characters  o^  566 

Acetic  acid,  561 

synthesis  of,  461,  538,  806 

Acetone,  682 

Acetones,  oonHtitution  of,  684 

preparation  of,  681 

synthetical,  831 

Acetyl,  406 
Acetyl-urea,  716 
Acetylene,  393 

synthesis  of^  811 

Acid,  acetic,  561 

glacial,  563 

:-  synthesis  of,  461,  538,  806, 


828 


aoeconitic,  835 
aoonitic,  617 
acrylic,  551 
allantnric,  741 
allitnric,  741 
allophanic,  696 
allozonic,  738 
alpha-toloic,  656 
antimonio,  180 
arsenic,  176 
aspartic,  614 
atropic,  737 
.  barbituric,  739 
benzumic,  821 

•  benzilic,  594 

.  benzoglycolic,  577 

benzoic,  571 
>  benzolactio,  597 

boracic,  130 

•  biomic,  106 

.  bromo-barbituiic,  739 

■  butyric,  5o6 

-  caoodylic,  524 

-  carameUc,  477 

■  carballyUc  617, 825 
.  chknrio,  102 


Acid,  chromic,  296 
— ^  cinnamic,  830 

dtrio,  626 

cyameluric,  705 

cyanic,  696 

cyannric,  698 

desQxalic,  834 

dextroracemic,  622 

dialuric,  738 

dibarbituric,  739 

dicyanic,  699 

dnituric,  739 

diozybutyric,  825 

disulphurio,  118 

dithionio,  119 

ethyl-crotonio,  352 

eugenitic,  611 

fluosilicio,  134 

formic,  559 

synthesis  of,  832 

gallic,  619-827 

glyceric,  825 

glyooUo,  579-820 

glyootartaric,  836 

hippuric,  576 

hydriodio,  86,  462,  760 

hydrobrouiic,  86,  759 

hydrochloric,  83,  759 

hydrocyanic,  689 

hydrofluoric,  87 

hydrofluosilicic,  134 

hydroselenic,  122 

hydroflulphunc.  111 

hydiotellurio,  123 

hydurilio,  738 

hypobromous,  105 

hypochloric,  101 

hypophosphonniB,  168 

iodic,  106 

itaconio,  627 

lactic,  595 

synthesis  of;  820 

liDToraoemio,  622 
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Acid,  lencio,  828 

lenootnric,  741 

noiilic,  613.  826 

— —  malonio,  894,  825 

—  mamiitio,  461 

meBOzalic,  740 

met-antimonio,  180 

met-enenio,  177 

metaphoephorio,  171 

metsfltaDnic,  148 

methyl-paiabanic,  758 

mudc,  461 

nitric  159,  461,  766 

nitro-benzoio,  821 

DitroiUy  769 

— action  of,  on  monamines,  506 

Nordhanaen  sulphuric,  118 

oleic,  554 

oxalic.  393. 609.  824 

oxalurio.  740 

oxybutyric,  579 

—  parabanio,  740 

panitartaric.  622,  834 

pentatbionic,  121 

perbnnnic.  106 

peichloric,  103 

— —  perchromic,  298 

periodic,  108 

phosphoric,  169 

phosphorous.  168 

pyioanenio,  176 

pyiophosphoric,  169 

pyrotaria-ric,  625,  824 

pyruvic,  625 

— —  quinio.  718 

racemic,  622 

-^—  saccharic,  461 

saroo-lactio,  582 

selenic,  123 

selenious,  123 

—  selenio-cyanic,  700 

—  bilidc,  135 

stannic,  147 

succinic,  605 

sulphaoetic,  564 

sulphocyanic,  699 

—  sulphovinic,  429 

sulphuric,  116,  761 

Kotdhausen,  118 

thionio  series,  119 

tannic  620 

tartaric,  621,  826 

—  tartronic.  626 
telluric  123 

tetrathionic  120 

thiacetic,  564 


Add,  thionuric  745 

toluic  656 

trilhionic  120 

uric,  738, 749 

valeric,  570 

violuric  739 

Acids,  43 

— —  aiomatic  synthesis  of,  824 

atomicity  of,  50 

basicity  of,  52 

definition  of,  44 

fatty  synthesis  ui,  824 

organic,  537 

biaiomic  578 

monatomic  537 

action  of  electrolysis  on,  405 

pentatomic  627 

triatomic  611 

tetratomic  618 

hexatomic  628 

polyatomic,  synthesis  of,  819 

thionic,  series  of  119 

Aconitina,  735 

Affinity,  5 

Air.  analysis  of,  190 

Albumen,  755 

Albuminoid  substances,  754 

Alcohol,  428 

allyUc  452 

amylic  433 

trimethylated,  436 

anisic,  447 

ethylic  (or  ordinary).  428 

isopropylic  435 

methylic  424 

synthesis  o^  807 


silico-nonylic,  535 

Alcohol  radides.  406 

compounds  of  arsenic  etc., 

with,  523 
Alooholometry,  431 
Alcohols,  407 

action  of  oxidants  on,  461 

biatomic  or  glycols,  438 

hexatomic  460 

monatomic  408 

pentatomic,  460 

polyglucosic,  475 

anhydrides  of,  483 


pseudo,  496 

synthesis  of,  807 

tetratomic,  458 

triatomic,  or  glycerines,  447 

Aldehyds,  661 

derived  from  glycols,  678 

monatomic  alcohols,  662 
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Aldehyds,  foimnUB  and  oonstitation  of, 

670 

pasHoge  of,  into  alcohols,  813 

properties  of  common,  663 

special,  667 

pnriflcation  o^  by  alkaline  Wsol- 

phites,  778 

synthesis  of,  813 

Algaroth,  powder  ot  178 
AlkaUes,196 

action  of,  on  oiganio  ocmponnds, 

770 
Alkaloids,  fixed,  723 

natnral,  721 

Tolatile,  721 

Allanioin,  743 

AUotropy,  72 
Alloxan,  738 

Alloxanamide,  744 

Alloxantin,  738 

Alloys,  57,  201 

Allyl,  406 

Alnm,275 

chrome,  294 

Alumina,  274 

Alnmlninm,  272 

chloride  and  fluoride  of,  273      , 

• hydrate,  allotropic  modifications  of, 

274 

siHcate  of,  276 

and  potassium,  sulphate  of,  275 

characteiB  of  the  salts  of,  276 

Aluminium  ethyl,  529 

-^—  metiiyl,  529 

Amalgams,  57 

^unides,  501,  628 

oontaining  alcohol  radicles,  645 

derived  from  biatomic  adds,  634 

monatomio  adds,  628 

, polyatomio  acids,  647 

carbonic,  705 

chloToquinonic,  719 

cyanic,  700 

Ammes  deriFcd  from  monatomio  alco- 
hols, 500 
.^_ biatomic  alcohols^  511 

Ammonia,  152 

type,  40 

Ammonias,  onnpound,  500 

action  of  hydrobromic  ethers  of 

glycols  on,  521 

nomenclature  of^  515 

-^—  phosphuretted,  arseniuretted,  and 

antimoniuretted,  518 
Ammoniaoal  compounds,  227 
salts,  chazBcteristics  of;  280 


Ammonium,  154,  227 

carbonates  of,  229 

chloride  of,  228 

nitrate  of,  280 

i  sulphate  oU  229 

sulphide  of,  228 

Ammoniums,  quaternary,  510 

hydrates  of,  505.  509 

Ampere's  theory  (molecular  weights),  15 
Amyl,  hydride  of,  381 
Amyl-glycerine,  synthesis  of,  819 
Amyl-glycol,  445 
Amylaceous  matter,  487 

substances,  484 

Amylamine,  382 

— «  pseudo,  511 

Amylene.  389,  834 
Amylic  alcohol,  433 
Amylide  of  zinc,  528 
Analysis,  organic,  341 
eudiometric,  356 

optical,  798 

of  atmospheric  air,  190 

of  gases,  345 

of  liquids,  343,  346 

of  solids,  342,  345 

proximate,  341 

ultimate,  346 

Anhydride,  antimonic,  179 

arsenic,  176 

arsenious,  175 

borade,  130 

carbonic,  142 

chlorous,  101 

chromic,  295 

ferric,  288 

hypodilorous,  99 

iodic  106 

nitric,  159 

nitrous,  158 

— ~-  phosphoric,  169 

plumbic,  304 

selenic,  122 

selenious,  123 

silicic,  134 

stannic,  147 

sulphuric,  119 

sulphurous,  114 

Anhydrides,  317 

of  polyglucodc  alcohols,  483 

Anhydro  salts,  52 

Aniline,  508 
Animal  charcoal,  140 
Antimonic  acid,  180 

anhydride,  179 

Antimoniuretted  hydrogen,  178 
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Antimonj,  177 

bromide,  chloride,  and  iodide  <£,  178 

oxides  of,  179 

Bolphidee  of,  177,  181 

poftaasic  tartmte  of,  624 

AntoKone,  93 

Areometer  (hydrometer),  431 

Aiseniates,  323 

Arsenic,  173 

anhydride,  176 

bromide,  chloride,  and  iodide  of, 

175 
oombinationB  with  alcohol  radicles, 

523 
■        determination  of,  355 
sulphides  of,  177 


Arsenides  of  hydrogen,  174 
Arsenio-dimethyl,  524 

methyl,  525 

Aisenioos  anhydride,  175 
Arsenitos,  176,  323 
Arsines,  518, 520 
Atmospheric  air,  190 
Atoms,  1 

Atomic  theory,  13 
—  yolomee,  786 

weights,  14—20 

table  of,  26 

(Pronf  s  hypothesis),  337 

Atomicity,  657 

of  bases,  51 

radicles,  80 

Atropia,  736 
Atropio  add,  737 
Austrapyrolene,  395 

Barimn,  237 

salts  of,  237 

— -^  characteristics  of  the,  238 

Baryta,  237 

Bases,  definition  of,  44 

— —  atomicity  of,  51 

Basicity,  general  considerations  on,  657 

of  acids,  52 

Benzamide,  629 
Benzine,  899 
Benzoates,  576 
Binaoetates,  566 
Bismuth,  182, 189 

< salts  of;  183 

Bismuth-ethyl,  526 

Biuret,  708 

Black,  lamp,  140 

Blende,  242 

Bodies,  simple  and  compound,  1 

' actiye,  9 


Bodies^  daasiflcation  ot  74 

ooUoid,  484 

fiitty  saponification  of;  447 

hemimorphous,  774 

homologous,  365 

isolpgous,  365 

organic,  341 

organized,  341 

Boiling  points,  775 

table  of,  778 

Borates,  325 
Bonm,  127 

bromide  of,  127 

chloride  of,  128 

fluoride  ot  129 

nitride  of,  131 

Bramacetyl-urea,  743 
Bromhydrin,  444 
Bromides,  335 
Bromine,  78 

chloride  of,  79 

determination  of,  354 

action  of,  on  organic  compound  a, 

759 
Bromoform,  427 
Brucia,  730 
Bulk,  action  ci,  4 
Butyrates.  569 

Oaoodyl,  524 
Ondet's  liquor,  524 
Oadmium,  247 

characteristics  of  tlie  salts  of,  248 

Oaffenie,753 

Calamine,  242 

Oalcic  salts,  distinctive  characters  of, 

236 
Calcium,  281 

carbonates  of,  233 

chloride  of,  233 

oxalate  of,  236 

oxide  of,  234 

phosphates  oC  235 

sulphate  of,  236 

Calcyl,232 
Calomel,  262 
Camphene,  395 
Camphor,  395 

artificial,  396 

Borneo,  423 

of  lemon,  396 

Cane  sugar,  476 
Caramel,  477 
CarballyUc  acid,  617 
Carbinol  methyl,  436 
propyl,  437 
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Otrbon,  138.  963 

determination  of,  346,  356 

oxide  of,  141 

SQlphide  of,  143 

Garbonates,  prepaiation  and  properties 

of,  825 
Oarbonio  acid,  143 
ammoniacal   derivatives   of, 

706 
—  anhydride,  142 

amides,  705 

Carbonyl,  765 
Casein,  755 
Catalysis,  5 
Caustic  potash,  205 
Cellulose,  472,  486 
Cesimn,  221 
Charooal,  animal,  140 

of  sngar,  141 

wood.  140 

Chemical  combination,  8 
Chemistry,  definition  of,  2 

organic,  340 

Chessylite.  254 

Chlorates,  properties  of,  324 

Chlorhydrin,  442 

Chlorides,  general  remarks  on,  333 

distinctive  characters  of,  335 

Chlorine,  76 

action  of,  on  orgiinic  compounds, 

759 

..^^ on  sulphides,  329 

combinations  of,  with  oxygen,  99 

determination  of,  354 

insolated,  77 

Chlorites,  properties  of.  325 
Chloroform,  426 

silicated.  133 

Chlorous  anhydride,  101 
Chromates,  properties  of,  326 
Chrome-alum,  294 
Chromic  acid,  296 

anhydride,  295 

chlorhydrin.  297 

Chromium,  290 

characters  of  the  salts  of,  298 

chlorides  of,  290 

hydrate  ot  293 

oxides  of,  293 

sulphates  of,  294 

oxides  oC  293 

Cinchonia,734 

Cinnabar,  256 

Ctnnamene,  403 

Citrene,  hydrochlorat©  oC  397 

Cobalt,  298 


Cobalt,  characters  of  the  salts  of,  299 

Codeia,727 

Cohesion,  5 

Coke.  140 

Collidine,  735 

Colloid  bodies,  484 

Colophene,  395 

Combinations,  3 

Compound  ammonias,  500,  517 

nomenclature  of,  510 

ureas,  712 

Copper,  248 

alloys  of,  256 

ammoniacal  sulphate  of,  253 

bromides  of,  250 

carbonates  of,  254 

characters  of  the  salts  of,  255 

chlorides  oi,  251,  254 

fluorides  of,  250 

hydrate  of,  252 

nitrate  of,  253 

oxides  of,  252,  255 

poisoning  by,  256 

smelting  of,  248 

sulphate  of,  252 

sulphides  of;  251,  255 

Corrosive  sublimate,  258 

Creatine,  creatinine,  750 

Crystalline  forms.  773 

systems,  7 

Crystallization,  fractional,  342 

water  of,  69 

Crystallography,  6 

Crystals,  optical  properties  of,  9 

Cumene,  402 

Cupric  compounds,  250 

Cuprous  compounds,  250 

Cyamelid,  696 

Cyanamide,  700 

Cyanates,  transformation  of,  into  ammo- 
nia and  urea,  696 

Cyanetholine,  697,  702 

Cyanic  acid,  696 

amides,  700 

ethers,  696.  702 

Cyanides,  metallic,  690 

Cyanog^,  685 

bromide  and  iodide  of,  695 

chlorides  of,  694 

compounds,  constitution  of.  702 

Cyanurea,  699 
Cyanuric  acid,  698 

Delavaud's  theory  on  atomicity,  34 
Densities,  vapour,  15,  358 
Dextrin,  488 
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Diahiramide,  744 

DiamideB,  643 

DiamineB,  514 

DiammoniumB,  515 

Diamond,  138 

Diastase,  755 

Dicyanamide,  701 

Dipjrrolene,  395 

DifltillatioD,  fractional,  843 

Ditereblne,  395 

Ditbionates,  324 

Dolcitanidea,  saponification  of,  462 

Dulcite,  471 

Eikologoos  series,  374 

Electricity,  action  o^  on  combinations.  3 

salts,  55 

Elective  properties,  5 

Eneigy,  specific  refractive,  789 

Epicblorbydrin,  452 

Equations,  chemical,  27 

Equivalents,  9 

Erytbrides,  458 

Erythrite,  458 

Esculin,  466 

Essential  oil  of  turpentine,  394 

derivatives  o^  397 

isomers  of,  398 

Ether,  chlorinated,  832 

etbylic,  419 

fonnula  of,  420 

metbylic,  419 

preparation,  etc.,  431 

Ethers,  compound,  415 

hydrocyanic,  692 

mixed,  418 

• proper,  417 

simple,  414 

nomenclature  of,  421,  458 

of  acid  amides,  639 

of  mercaptans,  493 

of  primary  alcohols,  414 

Ethyl,  acetate  of.  565 

cyanide  of,  694 

oxide  of.  431 

silicides  of,  534 

stannides  of.  530 

sulphide  of,  495 

synthesis  of,  807 

Ethyl-amine,  697 

synthesis  of,  835 

Etbyl-chlorhydrins,  668 
Ethyl-urea,  713 
Ethylene,  386,  388 

bromide  of,  439 

Ethyleneniiamine,  717 


Ethylenio  urea,  717 
Encalyn,  465, 481 
Eudiometiy,  192,  357 

Fatty  acids,  synthesis  of,  817 

Fecula.487 

Ferric  compounds,  282,  286 

Ferrioyanidea,  691 

Fenocyanides,  690 

Ferrous  compounds,  282 

Ferments,  755 

Fluorides,  general  remarks  on,  335 

Fluorine,  80 

Formula,  27 

Fractional  distillation,  343 

solution,  342 

Furfurol,  678 
Fusing  point,  774 

Galactose,  465, 475 
Galena^  805 
Gas,  marsh,  375, 378 
olefiani,  386 

Gasea^  analysis  o^  845 
Gelatine,  756 
Gelatinous  substances,  756 
Glacial  acetic  acid,  563 
Glucose,  465,  472,  757 
Glucoses,  464 
Glucosic  aloohob,  475 

anhydrides,  483 

Glucosides,  466 
Glyoeramine,  517 
Glyceric  adds,  448 

alcohols,  451, 455 

ethers,  450 

Glycerine,  ordinaiy,  447, 457 
Glycerines,  447 

condensed,  454 

nomenclature  o^  458 

sulphuretted,  496 

Glyceryl,  406 
Glycide.  452 
Glycocol.  756 
Glycols,  438,  456 

condensed,  443 

nomenclature  of,  458 

pseudo,  498 

synthetical  preparation  of,  818 

Glyoocyamidine,  753 
Glyoocyamine,  753 
Glyoxal,  680 
Gold,  267 

bromide  of,  270 

chlorides  of,  269 

extraction  of,  268 
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Gold,  iodide  of,^0 

oxides  of,  270 

reactions  of  the  salts  of,  271 

sulphides  of,  271 

Graphite,  139 
Greiss*  oompounds,  507 
Gnanidine,  752 
Gnamne,  750 

Haloid  salts,  46 
Heat,  3 

of  oombination,  780 

of  combustion,  779 

specific,  23,  779 

Tinits  of,  785 

Hemihedial  bodies,  9 
Hcmimorphous  bodies,  774 
Homologous  bodieSk  365 
boiling  points  of,  775 


series,  365 

refractive  properties  of,  793 

Hydantoin,  741 

Hydraigyrum,  256 

Hydrates    of  quatemaiy  anunoniums, 

503,509 
Hydride  of  amy],  381 
Hydrocarbidea,  363 

isomerism  of,  370 

series  of^  365 

table  of.  366 


synthesis  oi,  810 


Hydrocarbides    having     the    formula 
OH*-,  382 

OH2M4^  375 

OH*^,  391 

O-H*^,  394 

OH»^,  398 

OH*— «,  403 

OH*^w,  404 

OH"— w  404 

OH*^»«,  404 

Hydrocarbon  ladides,  404 
Hydrocyanic  ethers,  692 
Hydrogen,  80 

action  of,  on  organic  oompoonds. 


768 


antimoninretted,  178 
arseniuretted,  174 
binoxide  of,  98 
bisulphide  of,  113 
determination  o^  346,  356 
nascent,  768 
phosphuretted,  164 
selenimetted,  122 
ailicated,  134 
sulphuretted.  111 


Hydroquinone,  720 
Hypochlorites,  325 
Hypoiodites,  106 
Hyponitride,  158 
Hypophosphites,  323 
Hyposnlphates,  324 
Hyposulphites,  121,  824 
Hypoxanthine,  750 

Imides,  644 

Index  of  refrnotion,  788 

of  elemente,  795 

InoBite,465 

Inulin,  484 

Inverted  sugar,  477 

Iodides,  general  remarks  on,  335 

Iodine,  80 

action  of,  on  oiganic  compounds, 

759 

bromides  o^  79 

chlorides  of,  79 

determination  of,  354 

Iodoform,  427 
lodoquina,  732 
Iron.  280 

bromides  of,  283,  286 

—  charooters  of  the  salts  of,  289 

chlorides  o^  282,  285 

hydrates  of,  283,  286 

iodides  of,  283,  286 

oxides  oe;  283,  286,  288 

pyrites,  289 

smelting  of,  280 

sulphate  of,  284 

sulphides  o^  284,  289 

titanic,  289 

Isobiuret,  743 

Isologous  bodies,  365 

Isomerism,  73, 773 

effect  of,  on  refractive  properties, 

789 
Isomorphism,  773 
Isoterebenthene,  395 

Kenomerism,  74 
Kermee,  181 

Loctamide,  588 
Lactide,  597 
Lactic  add,  595 

83mthesis  oi;  820 

Lactose,  482 

Law  of  multiple  proportions,  6 

Lead,  302 

acetate  of,  308 

bromide  o^  304 

carbonate  of,  309 
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Lead,  chloride  of,  304 

chromate  o^  307 

ethyl,  303,  532 

hydniie  oi  306 

iodide  of,  304 

methyl,  303 

nitrate  of,  307 

oxides  of,  306,  810,  311 

poisoning  by,  311 

salts,  characten  of,  311 

smelting  of,  302 

snlphate  of,  306 

sulpliide  of,  305 

Legumin,  755 
Lepidene,  735 
Leucine,  756 
Levolosane,  477 
Levulose,  465,  474 
Light,  3 

deviation  of,  9 

polarization  of,  9 

action  of,  on  chlorine,  77 

phosphorus,  168 

Limacine,  758 

Lime,  234 

-^^  characters  of  t!ie  salts  of,  236 

Liquids,  analysis  of;  343,  346,  850 

Lithium,  221 

Lutidine,  735 

Magnesia,  241 
Magnesium,  288 

bromide  of,  239 

carbonate  of,  241 

chloride  of,  289 

hydrate  of,  240 

'-  oxide  of,  240 

sulphate  of,  240 

reactions  of  the  salts  of,  242 

Magnesium-ethyl,  529 

methyl,  529 

MaUc  acid,  613 

ethers,  616 

Maltose,  465,  474 
Manganates,  278 
Manganese,  277 

chlorides  of,  277 

oxides  of,  278 

reactions  of  the  salts  of,  279 

Mannide,  470 
Mannitane,  463,  470 
Mannitanides,  saponification  of,  462 
Mannite,  461,  463,  467 

synthesis  of,  834 

Mannitio  add,  461 
Mannitose,  465,  475 


Maiah  gaa^  875, 378 

aynthesis  of,  806 

Matter,  1,  337 
Melezitose,  481 
Melitose,  479 
Mercaptans,  493 
Mercur-amyl,  534 

ethyl,  533 

methyl,  533 

Mercuric  compounds,  258 

bromide,  269 

chloride,  258 

iodide,  259 

nitrate,  262 

oxide,  261 

sulphate,  262 

sulphide,  256,  260 

Mercuious  compounds,  262 

bromide,  264 

- —  chloride,  262 

iodide,  264 

nitrate,  264 

oxide,  264 

sulphate,  265 

sulphide,  264 

Mercury,  256,  266 

characters  of  the  salts  o^  265 

purification  of,  257 

Metalloids,  75 

biatomic,  88 

general  remarks  on,  124 

monatomic,  76 

' general  remarks  on,  88 

pentatomic,  151 

general  remarks  on,  189 

tetnitomic,  131 

general  remarks  on,  149 

triatomic,  127 

Metals,  75 

classification  o^  196 

< determination  of,  356 

general  properties  of,  200 

biatomic,  231 

geneml  remarks  on,  266 

monatomic,  202 

general  remarks  on,  231 

hexatomic,  316 

pentatomic,  316 

tetratomio,  272 

general  remarks  on,  315 

triatomic,  267 

Metamerio  bodies,  refractive  properties 

0^789 
Metamerism,  73 
Metastyrol,  403 
Metaterebenthone,  895 
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Methyl.  406,  4r^ 
Methyl-diethyl-carbinol,  486 

Methylene,  446 
Methylic  alcohol.  424 

syntheriB  of,  808 

Methylmamine,  753 
Minium,  311 
Mispickel,  173 
Mixtures,  2 
Molecular  types,  37 

Yolume,  787 

weights*  14 

Molecules,  1 

Monamides,  634 

Monamines,  500 

action  of  nitrous  acid  on,  506 

Morphia,  726 
Murexid,  744 
Mycoae,  481 

Xaphthalin.  404 

Narootiua,  728 

Nascent  state,  4 

Neutral  solvents,  342 

Nicotina,  722 

Nickel.  300 

Nitrates,  general  properties  of,  321 

Nitrites,  158,  322 

Nitrogen,  151 

bromide,  chloride,  and  iodide  ot 

154 

determination  oC  351 

..._ by  conversion  into  ammonia, 

353 

oxides  o^  155 

Nitrous  acid,  769 

action  of,  on  monamines,  507 

. oiganio  compounds,  769 

Nitryles,  631 

Nomenclature,  chemical,  55 
Notation,  chemical,  27 


Olefiant  gas,  388 
Optical  analysis,  798 

properties  of  ciystals,  9 

Organic  analyslB,  341 

acids,  537 

chemistiy,  340 

compounds,  action  of  rongcnts  on, 

758 

series.  363 

substances :  relations  between  their 

composition  and  physical  properties, 

773 
Organo-metaUic  oompoonds,  526 

Oxalan.  744 


Oxalantin,  740 
Oxalic  acid,  609 

synthesis  of,  393,  824 

Oxidants,  action  o^  on  alcohols,  461 
Oxides,  action  of  agents  on,  318 

classification  of,  317 

general  remarks  on,  317 

preparation  of,  317 

Oxygen,  88 

action  o^  on  organic  compounds, 

758 

allotropic  states  of,  92 

oombinations  of,  94, 124 

of  substitution,  788 

typical,  788 

Oxymorphia,  727 
Ozone,  92 

Packfong,  301 
Paramorphous  bodies,  774 
Parasacdiarose,  478,  483 
Perchloiates,  preparation  and  proper- 
ties ot  325 
Penalts  of  iron,  282,  286 
Phenol,  650 
— ^  cresylio,  653 
thyrailic,  720 

Phenols,  650 

actually  known,  list  of,  657 

Phenylene,  403 

Phillyrin,  466 

Phosphates,  general  properties  of,  322 

Phosphides  of  hydrogen,  164 

Phosphines,  preparation  and  properties 

of;  518 
Phosphites,  general  properties  of,  322 
Phosphoric  acids,  table  of.  171 

tests  of,  172 

theory  of  the.  172 

anhydride,  169 

Phosphorus,  161 

amorphous,  163 

bromides,  chlorides,  and  iodides  of, 

166 

determination  of,  355 

purification  of,  162 

sulphides  of,  173 

Phosphurettod  hydrogen,  gaseous,  164 

liquid,  165 

soUd,  166 

PioooUne,  735 
Pinite,460 
Platinum,  312 

amalgam,  314 

atomicity  of,  315 

black,  313 
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Platinmn,  extraction  of,  312 

purification  of,  313 

salts  of,  314 

reactions  of  the,  316 

Plumbago,  139 
Pluml>«th7l,  532 
Plambo-metbyl,  532 
Polyamines,  516 
Polyglnoosic  alcohols,  475 

anhydrides  oC  483 

Polymeric  bodies,  refractive  properties 

of,  791 
Polymerism,  74 
Polymorphism,  72 
Populin,  466 
Potash,  204 
^—  canstio,  205 

Potassio  salts,  characteristics  o^  211 
Potassio-tartratea,  623 
Potassium,  202 

acetate  of,  205 

bromide  of,  204 

carbonates  of,  206 

chlorate  of,  208 

chloride  of,  203 

chromates  o^  296,  298 

■ ferricyanide  of,  691 

ferrocyanide  of,  690 

fonniate  o^  559 

hypochlorite,  209 

iodide  of;  203 

nitrate  of,  207 

sulphates  of;  210 

sulphide  of,  211 

Potassium  ethyl,  528 

methyl,  528 

Powder  of  aJ^garoth,  178 
Power,  absolute  refractive,  789 
Ppopyl-diethyl-carbinol,  437 
Propyl-dimetbyl-carbinol,  437 
Propyl-phycite,  459 

synthesis  of,  819 

Prout's  hypothesis,  337 
Proximate  analysis,  341 
Pseudo-alcohols,  496 

synthesis  of,  812 

Pseudo-amylamine,  511 
Pseudo-glycols,  498 
Purpurate  of  ammonium,  744 
Pyrites,  magnetic,  289 
Pyrocatecol,  720 
Pyrridine,  735 

Quantivalence,  32 
Quaternary  ammoniums,  510 
hydrates  o^  508,  509    ( 


Quereite,  460 
Quina,  731 

adulterations  and  tests  of,  733 

sulphates  of,  733 

Quinic  acid,  718 
Quinidine,  test  for,  734 
Quinoline,  732 
Quinonic  group,  718 

Radicles,  30 

acid,  536 

alcohol,  405 

atomicity  of,  31 

&ee,  405 

hydrocarbon,  404 

—  of  even  atomicity,  407 

of  uneyen^atomicity,  405 

oxygenated,  536 

Beagents,  action    of,  on  oiganic  com* 

pounds,  758 
Be&action  equivalents,  789 

index  of;  788 

■ of  compounds^  eakulation  of, 

796 

of  the  elements,  795 

Befractive  energy,  789 

power,  789 

Rubidium,  221 

Saccharic  add,  461,  464 
Saocharometry,  489 

optical,  491 

Sacchiuose,  476 — 478 

Salts,  43 

acid,  basic  and  neutral,  51 

action  of  electricity  on,  55 

anhydrous,  52 

— ^  constitution  o^  46 

definition  of,  45 

double,  52 

haloid,  46 

oxy,  48 

Saponification    of    mannitauides    and 

duldtanide,  462 
Sarcosine,  752 
Selenium,  121 

compounds,  126 

with  sulphur,  123 

Series,  eiknlogous,  374 

• ■  heterologous,  373 

homologous,  365 

isologous,  365 

of  hydrocarbons,  365 

organic,  363 

thionicll9 

SUica,  134 
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Silica,  gelaiinons,  184 
Silicated  ohlaroform,  133 

hydrogen,  134 

Silicates,  propertieB  o^  326 
Silicides  of  ettiyl  and  methyl,  534 
Silicic  anhydride,  134 
Silicon,  131 

bromide  and  chloride  of,  132 

fluoride  of,  184 

iodide  of.  132 

snlphide  of^  138 

Silico-nonyl,  chloride  of,  534 
Silico-nonylio  alcohol,  535 
SUyer,  221 

alloys  of;  222 

bromide  of,  224 

chloride  of,  223 

coinage,  222 

German,  301 

iodide  of;  224 

nitrate  of,  226 

oxide  of,  225 

galphide  of,  225 

salts,  characteristics  of,  227 

Sodium,  212 

borate  of;  218 

carbonates  of,  216 

chloride  of,  212 

ethyl,  528 

hydrate  of,  217 

hypochlorite  ot  220 

-^—  hyposulphite  of;  219 

methyl,  528 

nitrate  of,  218 

sulphates  of,  215 

salts,  characteristics  o^  220 

Solids,  analysis  of,  342,  345 
Solubility,  corves  of,  64 

of  gases,  68 

of  solids,  62 

Solution,  fractional,  342 
Solvents,  neutral,  842 
Sorbin,  465 
Specific  heat,  23,  779 

refractive  energy,  789 

Spirit  of  wine.  428 

wood,  424 

Stannates,  148 

Stannic  anhydride,  147 

Stannides  of  ethyl  and  methyl,  530 

Starch,  485 

transformation    of,   into    glucose, 

472 
Steel,  280 
Stibines,  519 
StUbene,  404 


Strontium,  237 

salts  of,  237 

characteristics  of  the,  238 

Strychnia,  729 
Styrol,  403 
Sugar  (cane),  476 

inverted,  477 

of  milk,  482 

Sugars,  general  properties  of,  472,  475 
Sulphates,  general  properties  oC  323 
Sulphides,  general  remarks  on,  326 
Sulphites,  general  properties  of,  324 
Sulpho-cacodylates,  524 
Sulpho-congugate  bodies,  763 
Sulphur,  109 

allotropic  states  of;  110 

comblnationfl  o^  with  hydrogen, 

111 

oxygen,  114 

compounds,  126 

determination  of,  355 

Sulphuretted  glycerines,  496 

glyoolB,  495 

Sulphuric  aoidfl,  116 
Sulphuryl,  764 
Symbols,  27 

table  of,  26 

Synthesis,  definition  of,  804 

of  hydrocari>ides,  810 

— *  organic  history  of;  803 

Tannin,  620 
Tartaric  acid,  621 
Tartar  emetic,  624 
Tellurium,  123 

compounds,  126 

Terebine,  395 
Terpine,  396 
Terpinol,  396 
Thermo-chemistry,  779 
Theobromine,  753 
Thionic  series,  119 
Thorium,  149 
Tin,  144 

atomicity  of.  530 

bromides  of,  146 

chlorides  of,  145 

ethylide  of,  530 

fiuorides  and  iodides  o^  146 

oxide  of,  146 

sulphide  of,  148 

tests  for  the  salts  of,  145 

Titanic  iron,  289 
Titanium,  149 
Toluene,  400 
Toluidixie^  508 
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Trehalose,  480 
Tribromacetyl  urea,  743 
Trimethyl  carbinol.  436 
Trc^inei  737 
TiirpentiDe,  394 

hydiochlomte  of,  395 

Type,  ammonia,  40 

hydrochloric  add,  40 

hydrogen,  39 

water,  40 

Types,  oondenaed,  41 

molecular,  37 

Tyrosine,  754 

Units  of  heat,  785 
Uramil,  744 
Uranium,  184, 189 

characterisfeicfl  of  the  aoltB  of,  188 

Urea,  707 

determination  of^  in  urine,  710 

prepared  83mthetically,  805 

Ureaa,  compound,  712 

condensed,  716 

containing  alcohol  radicles,  713 

acid  radicles,  716 

ethylenic,  717 

sulphuretted  and  phosphuretted, 

716 
Uric  acid,  738 

determination  of,  749 

extracticm  of,  749 

compounds,  oonstitntion  of,  746 

group,  738 

Valerates,  571 

Valeryl,  406 

Vapour  densities,  15 

— ^  ■  determination  of,  358 


Veratria,  736 

Verdigris.  254 

Vermilion,  261 

Vinegar,  561 

Violantin,  739 

Volatility  of  the  alkaloidB,  721 

Volume,  atomic,  786 

—  molecular,  787 

Water,  94 

—  of  constitution,  71 

of  crystallization,  69 

of  interposition,  69 

oxygenated,  98 

synthesis  o(  95 

type,  40 

Weights,  atomic,  20 
Wood  spirit,  424 
Woulfe's  apparatus,  77 

Xanthine,  750 

Zinc  242 

amyl,  528 

binoxtde  of,  246 

bromide  of,  243 

carbonate  o^  247 

chloride  of,  243 

ethyl.  526 

hydrate  of,  245 

iodide  of;  244 

metliyl  526 

oxide  of,  245 

sulphate  of,  245 

sulphide  of,  242 

reacUoos  of  the  salts  of,  247 

Zirconium,  149 
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In  royal  32mo,  price  lis. 

Bower's  Memoranda  on  Difficult  Subjects  in  Anatomy^ 

Suiigery,  and  Physiology.  Forming  a  Pocket  Companion  for  the  young 
Surgeon,  or  for  Students  preparing  for  examinations.  Fourth  £dition,oorrected 
and  enlarged.  _«« 

Post  8vo,  cloth,  price  4s. 

An  Account  of  the  Origin,  Spread,  and  Decline  of  the 

Epidemic  Fevers  of  Sierra  Leone.  With  observations  on  Sir  WilUam 
Pym*8  review  of  the  "Report  on  the  Climate  and  Diseases  of  the  African 
Station.'*    By  Alxxandsb  Bbtbok,  M.D.,  R.N. 


In  8vo,  cloth,  price  Ss.,  or  with  coloured  plates,  price  lis. 

Diseases  of  the  Skin  of  the  Exposed  Surfaces.  In- 
cluding those  of  the  Face.  Head,  and  Hands.  With  the  lateet  improvemente 
in  their  Treatment.    By  T.  H.  Buaqiebs,  M.D. 


In  fcap.  cloth,  price  98. 

Cazenave's  Manual  of  Diseases  of  the  Skin.     Translated 

with  Notes  and  Additions.    By  T.  H.  Bcbgess,  M.D.    Second  Edition, 
considerably  enlarged  and  improved. 

''The  chief  cause  of  the  great  popularity  of  this  work  is  its  essentially  practical 
character.'* — Lancet, 

*'  Dr.  Burgesses  translation  appears  to  us  the  best  and  cheapest  work  on  diseasev 
of  the  skin  that  has  ever  yet  been  pTiblished." — DvMin  Medical  Journal. 


8vo,  sewed,  price  28. 

0n  the  Eelative  Influence  of  Nature  and  Art    in  tiie 

Cure  of  Syphilis.    By  Thomas  Wekden  Cooke,  Sui^eon  to  the  Royal  Fxee 
Hospital.    The  Second  Edition. 


356,  Strand^  London. 


In  2  voIh.  8vO|  cloth,  price  £8. 

Chelius*    System    of   Surgery.     Translated   from    the 

G^rmftDy  and  aooompanied  with  Adaitional  Notes  and  Observations.  By 
JoHH  F.  South,  formerly  Professor  of  Surgery  to  the  Royal  College  of 
Sui^geoDs,  and  Surgeon  to  St.  Thomas's  Hospital. 

"  The  most  learned  and  complete  systematic  treatise  now  extant.  The  descrip- 
iion  of  Sui*gioal  diseases,  and  indeed  the  whole  of  the  pathological  department,  are 
most  yalnable." — Edinfmrgh  Medical  Journal. 


Fcap.  doth,  price  128.  6d. 

Dr.   Churchill's   Theory  and  Practice    of   Midwifery. 

The  Sixth  Edition,  corrected  and  improved,  with  Extensive  Statistics,  and 
illnstrated  hy  119  wood  engravings. 

"There  is  no  hook  in  the  English  language  equal  to  Dr.  GhurchilVs  as  a 
guide  to  the  junior  practitioner :  it  is  clear  in  style;,  methodical  in  arrangement,  and 
4iK>und  in  matter." — Lancet.  ._._^ 

In  demy  8vo,  price  128.  6d. 

The  Diseases  of  the  Tongue :  a  Treatise,  with  numerous 

Illustrations  on  Stone  and  Wood.    By  W.  Faiblis  Clabju,  M.A.,  F.R.C.S., 
Assistant-Surgeon  to  the  Charing-cross  Hospital. 

''  We  can  recommend  this  hook  to  the  profession  as  an  exhaustive  treatise  on 
the  diseases  of  the  tongue,  as  Mr.  Clarice  has  not  only  recorded  his  own  experience 
but  has  fully  quoted  the  opinion  of  others,  and  given  to  all  the  credit  which  is  their 
due." — MedUxU  Times, 

"  We  think  Mr.  Clarke  has  produced  a  work  of  real  value." — Edinbwrgh  Medical 
Journal. 

"  We  can  confidentiy  recommend  this  work  to  students  and  practitioners  who 
wish  to  obtain  a  complete  knowledge  of  the  tongue  and  its  diseases." — JUview  of 
J)ental  Surgery,  

Second  Edition,  fcap.  8vo,  doth,  price  10s. 

A  Manual  of  the  Practice  of  Surgery.      By  Fairuk 

Glabkb,  M.A.  Oxon ,  F.ILC.S.,  Assistaut-Sureeon  to  the  Charing-cross 
Hospital.  Second  Edition,  revised,  enlarged,  and  illustrated  by  144  wood 
engravings. 

"  There  are  many  features  in  the  second  edition  which  will  make  it  attractive 
to  students." — Brituk  Medical  Journal. 

*'The  illustrations  are  ss  clear  and  telling  as  they  are  useful,  and  the  manner 
And  style  are  good." — Medical  Times, 


In  royal  32mQ,  price  lis.  6d. 

Bandages  and  Splints.     With  special  reference  to  the 

wants  of  students  preparing  for  examination  at  the  Boyal  College  of  Surgeons 
By  WiLUAM  Fairlib  Clabkb,  M.A.,  F.R.C.Sb 

*'Hr.  CUrke*s  book  is  just  the  one  we  should  recommend." — Medical  Timei 
and  Qaaette. 

''This  litUe  work  will  beeminenUy  useful." — Lancet. 


In  18mo,  cloth,  sewed,  price  5s. 

The  Practitioner's  Pharmacopoeia  and  Universal  Formu- 
lary, containing  2000  CUssified  Prescriptions,  selected  from  the  Practice  of  the 
most  eminent  British  and  Foreign  Medical  Authorities ;  witii  an  Abstract  of 
the  three  British  Pharmaco|KBia8,  and  much  other  useful  Information  for 
the  Practitioner  and  Student.    By  JoHV  Foon,  M.B.C.S.  Loud. 


'  Books  published  by  Henry  Renshaw, 


In  demy  8to,  sewed,  price  Si.  M. 

Exalted  States  of  the  Nervous  System.    In  explanation 

of  the  Myiteriee  of  Modem  Spiritualimi,  Dreanifly  Tnsnotf  SoamambnliBiii, 
TlUl  Pbotognphj,  Faith,  Will,  Origin  of  Life,  AnMthena,  and  Nerrooa 
CoDgwtioa.    "Bj  ROBIBT  H.  Oolltbb,  M.D^  DiecoTerer  of  Ameethesia. 


In  2  vols.  8to^  doth,  price  50b. 

Cooper's  Dictionary  of  Practical  Surgery,  and  Encyclo- 

Media  of  Sai^cal  Science.  New  Edition,  brought  down  to  the  present  time. 
By  SamuUi  a.  Lavs,  Sozgeon  to  St.  Jibuef%  HoepitaL  Awrirted  by  various 
Eminent  Suigeons.    The  toIs.  sold  separatdy,  price  25a.  each. 


Thirtieth  Edition,  leap,  doth,  price  2s.  ^ 

Sure  Methods  of  Attaining  a  Long  and  Healthful  Life^ 

with  the  Means  of  Correcting  a  Bad  Constitation.     Translated  from  ^bm 
Italian  of  LswiB  Cobhabo. 


In  8to^  doth,  price  10b.  6d. 

Sketches    of   the    Medical    Topography,   and    Native 

Diseases    of   the    Gulf   of    Guinea,    Western    Africa.     By   Williak    F^ 
Davixl,  M.D. 

Post  8vo,  doth,  price  Ss. 

On  Diseases  of  the  Throat :    their  New  Treatment  by 

the  Aid  of  the  Laryngoscope.    By  Thomab  Delov,  M.D. 


8yo^  sewed,  price  Is.  6d. 

On  the  Nature  and  Treatment  of  Clergyman's  Sore 

Throat.    By  Thomas  Dixon,  H.D. 


Second  Edition,  price  28.  6d. 

Dr.  Druitt  on  Cheap  Wines :  a  Keport  on  the  Quality, 

Wholesomeness,  Price,  and  Use  in  Diet  and  Medldne  of  the  Cheap  Wines 
from  France,  Italgr,  Austria,  Greece.  Hungaiy,  and  Australia.  The  Second 
Edition,  re-written  and  enlarged. 

"We  earnestly  recommend  all  who  believe  in  diet  as  well  as  drags  to  study  it 
with  care.** — Lancet, 

"  We  recommend  its  perasal  to  all  who  aspire  to  know  what  good  wine  ought 
to  be." — Chambtn*  Journal. 

'*  The  book  contains  a  lai^  amount  of  new  information  given  with  the  same 
vivacity,  point,  humour,  and  truth  which  made  the  origin  also  popular." — Medical 
Timee, 


Fcap,  doth,  price  128.  6d. 

Druitt's  Surgeon's  Vade  Mecum :  A  Manual  of  Modern 

Sui^ry.  The  Tenth  Edition,  thoroughly  corrected,  much  enlarged,  carefully 
brought  up  to  the  present  time,  and  illustrated  by  875  lughly  finished  wood 
engravings. 

"  An  epitome  of  British  Suigery  in  the  nineteenth  .oentary  without  a  rival.**—' 
Zanoet,  Nov.  6,  1870. 


I 
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356,  Strand^  London. 


Post  8vo,  oloth,  price  68. 

Aural  Surgery :   a  Treatise  on  the  Curable  Forms  of 

Ear  Disease.  By  Gsobok  P.  Fikld,  M.R.C.S.,  Aural  Surgeon  to  St.  Mary^s 
Hospital.  _^_^ 

Fcap.  sewed,  price  Is. 

The  New  Medical  Act;   with  Explanatory  Notes  for 

the  Guidance  of  Practitioners  and  Students.  By  R.  M.  Glovkb,  M.D., 
F.R.S.E.,  Licentiate  of  the  Royal  College  of  Physicians ;  and  J.  B.  Dayidbov, 
of  Lincoln's-inn,  Barrister- at- Law. 

A  yery  ahle  and  lucid  exposition.*' — Lancet, 


tt 


Prioe  8s.  6d.,  in  doth. 

Milne-Edwards'  Manual  of  Zoology.     Translated  from 

the  last  French  Edition  by  Robebt  Knox,  M.D.  Second  Edition,  with  many 
additional  Obeeryations,  and  iliostrated  by  572  highly-finished  wood  engrav- 
ings.   Edited  by  0.  Cabtkr  Blakb,  F.G.S.,  F.A.S.L. 

"The  translation  of  this  admirable  text-book  cannot  fail  to  prove  in  the  highest 
degree  serviceable  not  merely  to  students  of  zoology,  but  to  all  who  propose  placing 
their  general  education  upon  a  sound  and  liberal  basis.*' — La/neet. 

"  It  is  dearly  arranged,  profusely  illustrated,  and  handsomely  printed — ^it  is  a 
good  text-book  for  students^  both  medical  and  general." — Medicd  Time*, 


Second  Edition^  in  fcap.,  cloth,  price  12s.  6d. 

The  Medical  Vocabulary:  containing  a  Concise  Ex- 
planation of  upwards  of  16,000  of  the  Terms  used  in  Medicine  and  the 
Accessory  Sciences.  To  which  is  appended  a  selection  of  IhdiaV  Mkdicaij 
Tbbms  in  common  use.  Bv  Robert  Fowlsb,  M.D.  Edin.  Second  Edition, 
revised  and  greatly  enlarged. 

"We  have  tested  its  pages  rather  freely,  and  have  scarcely  &und  missing  any 
word  of  which  the  reader  of  a  modem  scientific  work  can  require  an  explanation, 
fie  first  gives  the  derivation  of  the  word,  and  then  explains  its  full  meaning,  to- 
gether with  the  way  in  which  it  is  employed.  Dr.  Fowler  has  performed  his  task 
with  considerable  ability.'* — Loancei,   ^___^ 

Third  Edition,  8vo,  cloth,  price  18s. 

Skin  Diseases :  their  Description,  Pathology,  Diagnosis, 

and  l^raatment.  By  Tilbdbt  Fox,  S£.D.  Lond.,  F.  R.C.P.,  Physician  to  the 
Department  for  Skin  Diseases  in  University  College  Hospital.  Third  Edition, 
re-written  and  enlarged,  with  a  Cutaneous  Pharmaooposia,  a  Glossarial 
Index,  and  67  additional  illustrations. 

\*  Fob  thb  usb  or  STUOSifTS,  a  few  copies  of  the  Second  Editinii  wo 
■till  to  be  had  in  royal  32mo,  cloth,  price  6s. 

"  We  question  whether  such  a  complete  treatise  on  skin  diseases  as  this  exists 
in  any  language." — Indian  Medical  GoMeite. 

**  Without  question  it  is  now  the  most  complete  and  practical  work  on  cutaneous 
medicine  in  the  English  language.  The  ordinary  student  will  find  in  it  all  that  he 
can  desire,  and  will  only  be  led  by  its  tone  to  wholesome  methods  and  higher  flights 
of  researoh,  while  the  practitioner  will  fall  back  upon  its  resouroes  with  satisfiMsUon 
and  fresh  resolves,** — Lancet,  ...^^ 

In  8vo,  cloth,  prioe  5s. 

On  the  Therapeutic  Application  of  Electro-Magnetism, 

in  the  IVeatment  of  Rheumatic  and  Paralytic  Affections.  By  RoBiBT 
Fborikp,  Doctor  of  Medicine,  Beriin.  Translated  from  the  German  by 
R.  M.  IiAWUuroB,  M.D. 


8  Books  puhliahed  by  Henry  Henshaw^ 

Third  Edition,  in  fcap.  8yo^  prioe  10s.  6d. 

An  Introduction  to  Pathology  and  Morbid  Anatomy. 

ninttratad  by  namerooB  finely  engraved  woodcnta.  Tbe  lliird  Editaoiiy 
corrected  and  enlarged.  By  T.  Hbxbt  Gbbbn,  M.D.  Lond.,  F.R.C.P.» 
Lecturer  on  Patholo^  and  Morbid  Anatomy  at  Cbaring-eroaB  Hoqiitel 
Medical  School,  and  Phyiician  to  Charing-croM  HoepitaL 

"We  oongratolata  the  aathor  on  the  ancoesa  of  hia  book." — Edimhurs^  Medical 
Joumalm 

•'  It  i«  tbe  beat  we  could  pat  into  the  handa  of  the  atudenl"'jr«lMaI  Tmm. 


Fcap.  8to^  doth,  price  7a. 

Treatise    on    Hooping-cough ;     its    Complications, 

Pathology,  and  Termin&tiona,  with  ita  Sucoeeaful  Treatment  by  a  Neir 
Bemedy.  By  Sir  Gbobob  D.  Gibb,  Bart,  MJD.,  LL.D.,  Aaaiatant-Pfayairaui 
to  Westminster  Hospital. 

*'It  is  a  thoroughly  practioal  work,  and  is  »  Takuible  addition  to  medical 
literatore.** — Lancet,  ___^__ 

Post  8yo,  cloth,  price  12s.  6d. 

On  Mineral  Waters:     their   Physical   and  Medicinal 

Properties.    With  Descriptions  of  the  Different  Mineral  Waters  of  Gireai 

Britain    and    the    Continent,    and     Directi«*ns    for   their   AdministntioD.  ^j 

lUuRtrated  by  copper  plates  and  woodcots.     By  B.  M.  Glovbb,  M.D.,  >| 

Fa  jIC  S.  £«  I 

''  If  any  patient  wants  to  select  a  spa  for  himself,  Dr.  Glover  has  provided  all  i 

the  materials  for  forming  a  judgment.'' — The  CriUe. 


In  8vo^  doth,  prioe  7s.  6d. 

Lectures  on  Eruptive  Fevers.     Delivered  at  St.  Thomas's 

Hospital.    By  GfiOBOE  Gbioobt,  M.D.,  F.R.C.P. 


In  8vo,  cloth,  price  7s.  6d. 

Automatic  Mechanism,  as  applied  in  the  Construction  of 

Artificial  Limbs  in  cases  of  amputation,   with   upwards  of  one  hmidred 
Illustrative  Cases.    Second  Edition.    By  Frederick  Gray. 


In  8vo,  cloth,  price  15s. 

Commentaries  on  the  Surgery  of  the  War  in  Portugal, 

8pain,  France,  and  the  Netherlands,  showing  the  Improvements  made  during 
and   since  that  period  in  the  (rreat  art  »nd  science  of  Sur^icry,  in  all  the 
subjects  to  which  they  relate.    Fifth  Edition,  revised  to  1858,  with  woodcuts. 
By  G.  J.  GoTHRiE,  F.R.S. 
"This  work  of  the  distinguished  author,  the  only  great  surgeon  whom  the  war 

pirodoced,  will    find  a  place  in  every  surgical  library  throughout  tbe  ciTiliasd 

world."— liancrt 

"  We  can  thoroughly  and  safely  recommend  this  work  to  the  carsfhl  perusal  of 

naval  and  military  surgeons." — Medical  Timee. 


In  fcap.,  cloth,  price  Ss.  6d. 

A  Guide  to  the  Examinations  at  the  Royal  College  of 

Surgeons  or  England  for  the  Diplomas  of  Member  and  Fellow.  By  Frbdkbick 
James  Gavt,  F.R.C.S.,  Surgeon  to  the  Royal  Free  HospitaL  Second 
Edition,  revised  and  much  enlarged 


35  6,  Strand^  London. 


In  fcap.  clotb,  price  128.  6d. 

Principles  of  Forensic  Medicine.     By  William  A.  Gut, 

M.B.  Oftntab.,  F.R.S.,  and  David  Febbikr,  M.D.,  M.R.C.P.,  Professor  of 
Forensic  Medicine  in  King's  College,  London.  Fourth  Edition,  revised, 
enlarged,  and  copionsly  iUnstrated  by  wood  engravings. 

^'This  well-known  book,  which  combines  the  conciseness  of  a  handbook  with 
the  authority  of  an  original  treatise,  is  up  to  the  time  in  those  fine  points  of  Che- 
mistry and  Physiology  which  have  such  important  bearings  on  Forensic  Medicine, 
MXkd  contains  very  numerous  and  very  admirable  engravings." — Lancet. 

In  crown  8vo^  cloth,  price  5s. 

Public  Health :    a  Popular  Introduction  to   Sanitary 

Science.  Being  a  History  of  the  Prevalent  and  Fatal  Diseases  of  the  English 
Population  from  the  Earliest  Times  to  the  close  of  the  War  of  the  French 
Revolution  in  1815,  By  W.  A.  GuT,  M.B.  Cantab.,  F.R.S.,  F.B.C.P., 
Professor  of  Hygiene  in  King's  College,  London. 

In  8vo^  cloth,  price  5s. 

On  Corpnlence  in  Belation  to   Disease.      With  some 

Kemarks  on  Diet  By  William  Habvet,  F.R.C.S.,  Aural-Surgeon  to  the 
Great  Northern  Hospital,  and  Surgeon  to  the  Royal  Dispensary  For  Diseases 

of  the  Ear.  

/    In  fcap.  sewed,  price  2s.  6d. 

The    Ear  in  Health    and    Disease.      With    Practical 

Remarks  on  the  Prevention  and  Treatment  of  Dea&ess.  With  wood  en- 
gravings.   By  WiLLLkK  Habvet,  F.R.C.S.    Fourth  Edition,  revised. 

In  Svo,  cloth,  price  2fl.  6d. 

On  Deafness  and  Noises  in  the  Ear,  arising^  from  Rheu- 
matism, Gout,  and  Neuralgic  Headache.  By  William  Habvbt,  F.R.C.S. 
Seventh  Edition,  eularged.  ^^___^ 

BT  MB.   If.  W.    HILLE9,   FOBMBRLT   LECTUBEB  ON    PHT8I0L0OT  AT   THB 
WESTMINSTEB  HOSPITAL  SCHOOL  OF  MEDICINE. 

1.  The  Essentials  of  Physiology.  Second  Edition,  en- 
larged, improTedy  and  illustrated  with  141  wood  engravings.  Fcap.  price  10s.  6d. 

3.  The  Anatomist.     Being  a  Complete  Description  of 

the  Anatomy  of  the  Human  Body.     Boyal  32mo,  cloth,  sewed,  price  2s.  6d. 

S.  Begional  Anatomy :  containing  a  Description  of  the 

most  important  regions  of  the  Human  Body,  and  designed  as  a  Guide  in  the 
performance  of  the  Principal  Operations  in  Suigery.  Royal  32mo^  doth, 
•ewed,  price  28.  6d.  __    * 

The  Ninth  Edition,  in  fcap.  Svo,  cloth,  price  12s.  6d. 

Hooper's  Physician's  Vade  Mecum  :   a  Manual  of  the 

Pnnciplee  and  Practice  of  Physic,  with  an  Outline  of  General  Pathology, 
Therapeutics,  and  Hygiene.  Ninth  Edition,  with  wood  engrayines. 
Bevised  by  William  Auoobtus  Gut,  M.B.  Cantab.,  F.R.&,  F.B.C.P., 
Physician  to  King's  College  Hospital;  and  John  Hablet,  IdLD.  Lend., 
F.B.C.P.,  and  Assistant-Physician  to  St.  Thomas's  Hospital. 

In  8to,  doth,  price  6s. 

An  Anatomical  Description  of  the  Human  Gravid  Uterus 

and  its  Contenta.  By  the  Ute  Wiijjam  Homtkb,  M.D.  Second  Edition.  By 
Ebwabd  Riobt,  M.D. 
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Books  published  by  Henry  Benshaw^ 


In  12mo»  clothy  piioe  5i. 

On  Chlorofonn :  its  Composition  and  Mode  of  Adnunis^ 

tration.    Prise  Essay.    Bj  Chablib  Kidd^  M.D. 


In  8vo,  dothf  price  128* 

The  Old  Vegetable  Neurotics,  Hemlock,  Opium,  Bella- 

doom^  and  Henbane :  their  Physiological  Action  and  Therapeutical  Use  alontf 
and  in  oombinafcion.  Being  the  Gn^tonian  Lectares  of  1868  extended,  and 
indnding  a  Complete  Examination  of  the  Actire  Constitnents  of  Opionu  BjT 
John  Hablbt,  M.D.  Lond.,  F.R.G.P.,  F.L.S^  Assistani-Physiciaa  and 
Joini>Leotnrer  on  Physiology  at  St.  Thomases  HospitaL 

'*  Those  who  hope  thai  dinical  medicine  will  be  materially  aided  by  eoqieriment 
wisely  panned  from  the  -vantage  ground  of  an  unproTod  and  predse  phyaiolc^,  will 
be  greatly  encouraged  by  this  ydnme.'* — American  Jomwd  of  Medical  Spmmc. 


In  8to,  doth,  price  18s. 

liaennec  on  Diseases  of  the  Chest  and  on  Mediate 

Anscultation.    TransUted  by  Sjb  John  Vokbsb,  M.D.    The  Fourth  Edition, 
with  additional  Notes  and  Plates. 


Third  Edition,  in  fcap.  8vo,  doth,  price  lOs.  6d. 

Diseases  and  Injuries  of  the  Eye :  their  Medical  and 

Surgical  Treatment,  with  copious  Formuln.  The  Third  Edition,  with  95r 
Wood  Engravings.  By  GiOBOE  Lawson,  F.R.C.S.,  Surgeon  to  the  Boyal 
London  O^hthalmio  Hospital,  Moorfidds,  and  to  the  Middlesex  HospitsL 

"  We  heartily  commend  this  work,  which,  for  its  size  and  pretensions,  contains 
more  information  on  the  subject  of  ophthalmic  medidne  and  surgery  than  any 
other  with  which  we  are  acquainted.*' — Lancet. 

'*  The  various  alterations  and  additions  have  been  done  with  a  master  hand  by 
a  sui^geon  of  very  considerable  reputation,  and  by  a  teacher  of  knowledge  and 
experienoe  who  has  a  right  to  speak  with  authority." — Medical  ^Vmes. 

"The  student  will  find  it  the  easiest,  dearest,  and  most  compendious  guide 
which  he  can  desire  or  possess." — BriHA  Medical  Journal, 


WORKS  BY  BOBERT  KKOX,   V.D.,   F.R.S.E. 

1.  A  Manual  of  Human  Anatomy;   descriptive,  prac- 
tical, and  general.    Illustrated  by  250  wood  engravings,  the  vessels  coloured^ 

Fcap.,  doth,  price  128.  6d. 

2.  A  Manual  of   Artistic   Anatomy,  for  the  Use   of 

Sculptors,  Painters,  and  Amateurs.  Numerous  wood  engravings.  Foap., 
cloth,  price  7s.  6d. 

3.  The  Eaces  of  Men ;  a  Philosophical  Inquiry  into  the 

Influence  of  Kace  over  the  Destinies  of  Nations.  Second  Edition.  Illustrated 
by  numerous  wood  engravings,  and  with  Supplementary  Chapters.  I& 
post  8vo,  cloth,  price  lOs.  dd. 

The  Supplement  may  be  had  separately,  price  2s.  6d. 

MEDICAL   PORTRAITS. 


John  Hunter Mezzotint  ....  17 

Bobert  Liston   ...  Mezzotint 15 

Herbert  Mayo  . . .  Mezzotint 9 

Sir  A.  Cooper   ...  Copper-plate...  12 
John  Abernethy  .  Copper-plate...  12 

Dupuytren    Lithograph   ...  11 

Cuvier   Lithograph   ...  11 

Samuel  Solly Lithograph   ...18 


n.  by  18  ...  Proof,  2l8.  Od. ;  Print,  14s.  Od. 
n.  by  12  ...  Proof;  16s.  Od. ;  Print,  10s.  6d. 
n.  by  9  ...  Proof,  2s.  6d. 
n.  by  9  ...  Proof,  2s.  6d.  ;  Print,  Is.  Od. 
n.  by  9  ...  Proof,  2s.  6d. ;  Print,  Is.  Od« 
n.  by  10  ...  Proof,  2s.  6d. ;  Print,  Is.  Od. 
n.  by  10  ...  Proof,  2a.  Od.;  Print,  Is.  Od. 
n.  by  10  ...  Prin^    7s.  6d« 
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In  crown  8vo,  doth,  price  68. 

Memoir  of  Baron  Larrey,  Surgeon  in  Chief  of  the  Grande 

Arm^.    TruiBlated  from  the  Freneh.    Second  Edition. 


In  poet  870,  sewed,  price  2s.  6d. 

On  Localized  Galvanism,  applied  to  the  Treatment  of 

Paralysis  and  Muscular  Contractions.    By  Riohabd  Moobi  Lawbavoe,  M.D. 

In  fcap.  sewed,  price  2s.  6d. 

On  Gout  and  Rheumatism,  and  the  Curative  Effects  of 

Galvanism.    By  Biohabd  Moobb  Lawbahob,  M.D.    The  Second  Edition. 


In  Syo,  doth,  prioe  22s. 

Practical  Surgery.     By  Robert  Liston.     The  Fourth 

Edition,  with  many  highly  finished  wood  engrayings. 

In  foap.,  doth,  price  12s.  6d. 

Manual  of  Operative  Surgery.    Based  on  Normal  and 

Pathological  Anatomy.    By  J.  F.  Maloaiobb.    Translated  from  the  Freuh 
by  Fbedxbick  Bbittaf,  A.Bw,  M.D.,  M.K.G.S.L. 

Grown  Svo,  cloth,  price  7s.  6d. 

On  the  Causation  and  Prevention  of  Dysentery,  Cholera, 

Diphtheria,  kc.    By  Muoob.        

MR.    MAYORS  WORKS. 

Outlines  of  Human  Pathology.     Svo,  cloth,  price  18s. 
Anatomical    and    Physiological    Commentaries.      Svo, 

boards,  price  Ss.  

In  royal  32mo,  price  6s.  6d. 

Meade's  Manual  for  Students  Preparing  for  Examination 

at  Apothecaries*  Hall,  or  other  Medical  Institutions.  Third  Edition,  improved. 


Third  Edition,  fcap.,  cloth,  prioe  10s.  6d. 

A  Manual  of  Midwifery.      Third  Edition,  much  En- 

lai^ged,  with  145  wood  engravings.     By  Altbbd  MbjUWWB,  MJ).,  F.R.C.P., 
Physidan-Aoconcheur  to  St.  Mary's  UospitaL 

''We  oan  cordially  recommend  this  manual  as  accurate  and  practioal." — Lancet4 


In  royal  82mo,  cloth,  sewed.  Third  Edition,  prioe  8s.  6d. 

The  Prescriber's  Companion:  containing  a  brief  Descrip- 
tion of  all  the  Preparations  and  Compounds  in  the  Last  Edition  of  the  BritiAh 
Pharmacopoeia,  together  with  many  others  in  general  use,  arranged  alphabeti- 
cally, with  Tberaneutio  Action,  Incompatibies,  and  Doses  for  Adults  and 
Children.  Third  Edition,  much  improved  and  greatly  enlarged.  By  Alfbbot 
HBADOWBy  M.D.,  F.R.C.P.,  Physician- Accoucheur  to  St  Maiy's  HospitaL 

In  4to,  doth,  prioe  £1  lis.  6d.,  reduced  from  £3  8s.,  at  which  the  woi^ 

was  published. 

Moreau ;  Icones  Obstetricse.     A  series  of  Sixty  Plates, 

with  descriptive  letterpress,  illustrative  of  the  Art  and  Science  of  Midwifety 
in  all  its  bmnche«.  Translated  from  the  French,  with  Practical  Obserrationr 
and  Tables  by  J.  S.  Stbbbtbb,  M.R.C.& 


J 


12  Books  published  by  Henry  Renshaw^ 

In  one  vol^  8to^  doth,  prioe  25i. 

Principles  of  Chemistry.     Founded  on  Modem  Theories. 

Vnth  onmerous  wood  OBgraTingi.  By  li.  Naqubt,  Profesaeur  agr^  k  1ft 
FaculU  de  MMecioe  de  Paru.  TnoaUted  from  the  Seoood  Editkm,  lately 
Pablubed,  by  Wiluak  Oosna,  Student^  Ghi/s  Hospital  BeriBod  by 
Thomas  Stsvihsox,  M.D.,  I>emoDstra(or  of  Praotioal  ChemiBtiy,  Gay's 
Hospital 

"We  can  cordially  reoommend  the  book  to  all  who  are  able  and  witling  to  rettd 
so  laige  and  so  thorough  a  treatise  on  theoretioal  chemistry,  for  it  is  full  and  dear 
and  well  adapted  to  the  class  of  readers  to  which  it  is  addressed^  and  mi^ht  be 
stadied  with  great  advantage  by  all  who  wish  to  nnderstand  the  remarkable 
iievdopment  of  chemical  ideas  which  has  taken  piaoe  within  the  last  ten  yean.*''- 
Ediubwrgh  Medical  Jomrwd, 

"  It  is  a  well- written,  dear,  and  snocinct  account  of  the  leading  doctrines  of 
modem  chemistry,  and,  in  the  best  name  of  the  word,  an  original  work  ;  everf 
shapter  bears  the  impress  of  individual  thought" — ^From  Beview  of  original  work 
in  the  Ohanicfd  News,  June  21,  1867. 


In  foap.,  doth,  price  2s.  6d. 

Rheumatism  and  Gout :   a  Pracidcal  Popular  Treatise. 

By  EDwnr  Patmj^  M.D.,  M,R.C.P.,  Pfaysidan  to  the  North  London  Hospital 
for  Consumption  and  Diseases  of  the  Chest, 


DR.    WILSON  philips'  WORKS. 

An  Inquiry  into  the  Laws  of  the  Vital  Functions,  with 

a  view  to  establish  more  correct  Principles  of  Treatment  of  Disease.     8ro, 
boards,  12b. 

An  Inquiry  into  the  Nature  of  Sleep  and  Death ;  with 

a  view  to  ascertain  the  Immediate  Causes  of  Death.    8vo,  boards,  prioe  8s. 

A  Treatise  on  Indigestion,  and  its  Consequences,  called 

Nervous  and  Bilious  Complaints.     8vo,  boards,  prioe  6s.  6d. 

On  the  Influence  of  Mercury  in  restoring  the  Function 

of  Health.    12mo,  boards,  price  Ss.  Sd. 


Post  8vo,  cloth,  price  78. 

A  Handbook  of  Obstetric  Operations.     By  W.  S.  Plat- 

FAIB,  M.D.,  M.R.C.P.,  Phyfeician-Accoucheur  to  King*s  College  Hospital. 

"The  essays  are  carefully  written,  and  will  be  perused  with  interest.'*— if edieol 
Timet. 

*' A  valuable  addition  to  obstetric  literature,  that  will  be  read,  we  have  no 
doubt,  by  all  students.*' — MedieO'Ckirtirffical  Review, 


In  8vo,  cloth,  price  22s. 

Redwood's  Supplement  to  the  Pharmacopoeia  (formerly 

Gray*s):  being  a  concise  but  comprehensive  Dispensatory  and  Manual  of 
Facts  and  FurmuIsB  for  the  use  of  Practitioners  in  Medicine  and  Pharmacy, 
Third  Edition,  coirected,  eoiarged,  and  much  improved. 

"It  is  a  most  comprehensive  work,  giving  an  account  of  all  known  substanoes, 
animal,  vegetable,  and  mineral,  to  which  have  been  ascribed  medical  properties, 
and  also  containing  numerous  formulae  for  preparations — not  only  those  which  are 
employed  in  medicine,  but  others  made  use  of  in  the  arts  and  domestic  economy ." 
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, ^ 

DR.    EDWARD   RIOBT*S   WORKS. 

On  the  Constitutional  Treatment  of  Female  Diseasesl 

Crown  8yo^  cloth,  price  88.  6d. 

An   Essay  on  Uterine   Hsemorrhage.      Sixth  Edition, 

8vo^  bouxb,  price  7>.  .  ■ 

Obstetric   Memoranda.      Fourth  Edition,   revised  and 

enlarged.    By  Alfbkd  Mkadowb,  M.D.  Lond.    Price  la.  6d. 

Naegele  on  the  Mechanism  of  Parturition.     Translated 

from  the  Gremutn  by  Dr.  Riobt.    Price  Ss. 


In  fcap.  8vo,  cloth,  price  Se.  M, 

Manual     of    Surgical     Anatomy.       By    W.    Boser, 

Proferaor  of  Surgery  in  the  University  of  MArbnrg.  Translated  from  the 
Fourth  German  Edition,  by  (npecial  permission  of  Uie  Author,  by  JoHir  C. 
Oalton,  M.A.  (Oxon.),  M.R.G.S.,  late  Staff-Sutgeon  in  the  Heesian  Service 
in  the  Franco-German  War  of  1870-71. 

"This  is  an  unpretending,  but  thoroaghly  practical  and  uaefol  little  book." — 
Edinburgh,  Medioal  Jowmal, 

"  This  little  book  is  likely  to  fill  a  gap  in  anatomical  literature."— If eciieo^  Timet,- 

"We  are  much  pleased  with  this  small  Manual  of  Surfrical  Anatomy,  and  can 

recommend  it  to  thoee  studying  and  to  those  practising  their  profeBsion.** — £dmt€i» 


In  fcap.,  cloth,  price  78.  6d. 

OutUnes  of  Pathological  Semeiology.     Translated  fix)m 

the  German  of  Sghill.    With  copious  notes  by  D.  Spolak,  M.D. 

In  4  to,  cloth,  price  21s. 

A  Physiological  Essay  on  the  Thymus  Gland.     Illus- 
trated by  numerous  wood  engravings,  being  the  first  Astley  Cooper 
Essay.    By  John  Simon,  F.R.C.S.,  F.R.S. 


In  fcap.,  sewed,  price  28.  6d. 

The  Seven  Sources  of  Health:   a    Manual  of  all  that 

Concerns  the  Preservation  of  Health  and  the  Prevention  of  Disease  both  of 
Body  and  Mind.  By  William  Stkahgk,  M.D.,  M.R.C.P.,  Physician  to  the 
General  Hospital,  Worcester. 

"  A  popular  medical  book,  marked  by  good  sense  and  freedom  from  quackeiy.**  — • 
Medical  Timet,  _-. 

Price  28.  6d.,  or  mounted  and  varnished,  6b, 

A  Chart  of  the  Urine  in  Health  and  Disease.     By  W. 

SntANGi^  M.D.,  M.R.C.P.,  Phys.  to  the  General  Hospital,  Worcester. 

This  Chart  enabled  the  Practitioner  In  a  few  minutes  to  determine  the  character 
of  any  specimen  of  urine,  and  the  morbid  condition  indicated  thereby. 

'*  We  are  able  to  speak  of  this  chart  in  terms  of  high  commendation." — Lancet. 


In  24mo^  ebth,  price  3s. 

A  Treatise  on  Obstetric  Auscultation.     By  Dr.  H.  F^ 

Xaeoblb.    Translated  from  the  German  by  Crabus  Wist,  M.D. 


14  Booh  published  by  Henry  Renshaw^ 

In  fcap.y  price  78.  6d. 

Outlines  of  Elementary  Botany.    lUnstrated  by  300 

wood  ODgrATiogi.  Sooond  BditioD.  By  Ausx.  Silvzb,  M.D^  ICILC.P.9 
PhjrtioUn  to  Gbariog-croa  Hoopitel. 

"Dr.  Silver  has  not  only  prodnoed  a  mull  volume  wbidi  oontoins  aU  that  eaa 
be  derired  as  a  botanical  olan-book,  bat  has  contrived  to  oommiinicate  hie  lesaona 
in  a  pleaaing  fonn.** — Lamed, 

In  foapu  Svoy  price  12s.  6d. 

Practical  Medicine ;  with  a  Sketch  of  Physiology  and 

Tberapentios.  By  Alsxandeb  Silvib,  M.A.,  M.D.,  M.B.C.P^  rkjwaoMk 
to,  and  Lecturer  on  Clinical  Medicine  and  on  Physiology  at^  CSiaringHsroes 
HospitaL 

'*  We  are  satisfied  that  the  student  will  find  it  a  safe  and  very  nsefiil  gnide  and 
helper."— Afedtooi  Time$. 

'*  It  presents  a  concise  outline  of  the  practice  of  niedicbe  well  suited  to  students 
spho  wish  to  perose  in  a  condensed  form  what  they  have  imbibed  by  lectures." — 
BrUith  and  Foreign  Medico-C^rurgical  Review. 


DR.   tanner's   works. 

The  Practice  of  Medicine.     Seventh  Edition,   revised 

by  Dr.  Bboadbxnt.    2  vols.  8vo,  doth,  price  81b.  6d. 

The  Signs  and  Diseases  of  Pregnancy.     Second  Edition, 

with  coloured  plates  and  wood  engravings,  Svo,  cloth,  price  ISs. 

An  Index  of  Diseases,  and  their  Treatment.      Second 

Edition,  revised  by  Dr.  Bboadbiht.     Fcap.,  cloth,  price  lOs.  6d. 

Memoranda  on   Poisons.     Third  Edition,  royal  32mo, 

doth,  sewed,  price  3s.  6d. 

On  Cancer  of  the  Female  Sexual  Organs.     8vo,  sewed, 

price  2s.  6d. 

The  Diseases  of  Infancy  and  Childhood.   Second  Edition^ 

revised  by  Db.  Alfbxd  Mbadowb.     8vo,  cloth,  price  148. 

A  Manual  of  Clinical  Medicine  and  Physical  Diagnosis. 

Third  Edition,  revised  by  Dr.  Tilbubt  Fox.    Fcap.,  doth,  price  7s.  6d. 


In  8vo^  doth,  price  26s. 

A  Text-book  of  Physiology.     By  Dr.  G.  Valentin, 

Professor  of  Physiology  in  the  University  of  Bern.  Translated  and  Edited 
fipom  the  Third  German  Edition.  By  William  BBimON,  M.D.,  F.ILS.,  and 
niostrated  by  upwards  of  Five  Hundred  Illustrations  on  Wood,  Chopper,  and 
Stone. 

*'We  strongly  recommend  this  translation  of  Valentin's  admirable  tezt^book, 
the  disUnguishing  feature  of  which  may  be  said  to  consist  in  the  clearness  with 
which  aJl  l^e  physico-chemical  researches  are  compressed  snd  laid  down." — 
Medical  TSmee, 

"The  best  text-book  of  phyndogy  ever  pablished.**— Dv&Ztii  Medical  Qmrterly. 
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Crown  8vo,  price  (to.  6d. 

The  Borderlands  of  Insanity :  or,  the  Early  Warnings 

which  foreshadow  Direct  Oatbreaks  of  Mental  Disease.  By  Ahdbkw 
Wtbteb,  M.D.,  M.KC.P.  Second  Edition,  Revised.  With  Five  New 
Chapters,  by  J.  Mobtdisb  Gbanyilu^  M.D.,  F.6.S.,  &o. 

''We  quite  agree  with  him.  Dr.  Wynter  has  struck  a  true  note  when  he  asserts 
that  brain  disease  in  Uie  convalescent  stage  is  best  treated  by  assodatiog  ^e 
fiatient  with  healthy  minds.*'— lancet. 


In  8vo,  cloth,  price  12s. 

A  Treatise  on  Venereal  Disease  and  its  Varieties.     By 

William  Wallace,  M.R.I.A.    New  Edition,  with  pUtes. 

*'The  practical  surgeon  may  study  this  volume  with  much  advantage.*'— 
Dr.  Fwhti  JUview,  No.  20. 


Fcap.  cloth,  price  fis.  6d. 

The  Medical  OfiScer's  Vade  Mecum,  or  Poor-Law  Sur- 

f^eon's  Guide :  containing  the  Begulations  at  present  in  force  relating  to  the 
Relief  of  the  Poor  in  Sickness,  and  the  Appointment,  Qualifications,  Duties, 
and  Remaneration  of  Union  Medical  Officers  in  England  and  Wales ;  with  a 
Note  on  Vaccination  and  Public  Vaccinators.  By  Nuobnt  Chablbs  Walsh 
Esq.,  of  the  Poor-law  Board,  Barrister-at-Law. 

"This  book,  which  is  a  very  compact  one,  must  be  of  great  value  to  every  Poor- 
Law  Medical  Officer  who  desires  to  know  his  own  duties  and  responsibilities.  .  .  . 
We  can  cordiiUIy  recommend  this  conscientious  work  to  medical  officers,  and  indeed 
to  all  interested  in  the  sick  poor." — Medical  Tinte$  and  Gasette, 


Third  Edition,  fcap.,  doth,  price  7s. 

Ward's  Outlines  of  Human  Osteology :  a  Compendious 

Treatise  on  the  Anatomy  and  Mechanism  of  the  Skeleton,  designed  by  a  new 
method  of  arrangement  to  facilitate  the  progress  of  the  Student  By  F.  O.  Wabd. 
Third  Edition. 

"  The  best  work  on  the  subject.    For  aocnnoy  of  description  Afr.  Ward  is  un 
rivalled."— Xancef. 


In  demy  8vo,  cloth,  price  158. 

The  Medical  Practitioner's  Legal  Ghiide ;  or»  the  Laws 

relating  to  the  Medical  Profession.     By  HooH  Woohtmav,  Esq.,  M.A. 
Oantab.,  Barrister-at-Law,  of  the  Inner  Temple  and  the  Oxford  Circuit. 

This  treatise  is  intended  to  famish  to  the  Medical  Practitioner,  as  well  as  to  the 
lawyer,  that  legal  information  which  the  continual  changes  effected  by  recent  legis- 
lation have  reiraered  necessary. 

8vo,  cloth,  price  5s. 

An  Inquiry  into  the  Origin  and  Intimate  Nature  of 

Malaria.    By  Thomas  Wilsov,  Esq. 

''This  work  is  truly  remarkable  as  coming  from  a  lavman,  and  would  not 
Uisgraoe  a  well-informed  medical  writer.  The  book  will  well  reward  a  perusal.*'— 
Lancet. 
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1 6  Books  published  by  Henry  Benshaw. 


WORKS  ON  SANITART  AND  SOCIAL  SdEVCK. 
lo  crown  8to,  doth,  price  2*.  6d.  eidi. 

Public  Health :   Part  I.     A  Popular  Introduction  to 

SaniiMy  Science ;  being  »  History  of  the  Pre7aleni  and  Fatal  Dieoaeei  of  the 
Sos^ieh  Population,  from  the  earliest  times  to  the  end  of  the  eighteanth 
centtuy.    By  W.  A.  Gut,  M.B.  Cantab^  F.R.S. 

'*FaU  of  interesting  and  instraetive  matter,  selected  and  comlnned  with 
admtnble  skill**— »Me>,  July  29, 1870. 

I 

Part  II.     War  in  its  Sanitary  Aspects:  completing  the 

Histoiy  of  the  Prevalent  and  Fatal  Diseases  of  the  English  PopnlatioOy  front 
the  euiiest  times  to  the  year  1815. 

The  work  complete  may  be  had,  in  doth,  price  5b. 

The    Evils  of   England.      By  a  London   Physician. 

Price  Is. 

The  Case  of  the  Journeymen  Bakers.    A  Lecture  on  the 

Eyik  of  Nightwork  and  Long  Hoars  of  Laboar.    By  Dr.  Gut.    Price  Is. 

The  Sanitary  Condition  of  the  British  Army,  especially 

on  the  Want  of  Space  in  Barracks.    By  Dr.  Gut.    Price  Is. 

The  Plague  of  Beggars.     A  Dissuasive  from  Indiscrimi^ 

nate  Almsgiving.     By  a  London  Physician.    Third  Edition.     Price  Id. 

Defoe's  Giving  Alms  no  Chiirity,  and  Employing  the 

Poor  a  Grievance  to  the  Nation.    By  a  London  Physieian.    Price  Id. 

The  Nuisance  of  Street  Music ;  or,  a  Plea  for  the  Sick, 

the  Sensitive,  and  the  Stadions.    By  a  London  Physioian.    Price  Id. 

Who  are  the  Poor  ?    A  cheap  Tract  for  circulation.   By 

a  London  Physician.    Price  28.  per  hundred. 

The  Original.     By  Thomas  Walkee.     Fifth  Edition,. 

Edited  and  Enlarged  bv  Dr.  GuT,  F.B.S.  Containing,  in  addition  to  many 
Essays  on  subjects  of  the  highest  interest,  several  papers  on  Beggan,  Panperi, 
and  Poor-lAWB,  &c.     Price  12s.  6d. 

'*  Who  has  forgotten  those  clear,  sensible  papers  in  Walker's  'Original, '  regaiding 
dining  and  giving  dinnem,  which  have  been,  as  it  were,  a  staff  and  finger-post  tr 
many  a  yoong  hoasekeeper." — AlhcMewn^  Feb.  9,  1867. 
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